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Cover. Flagship of the Canadian nuclear power 
program is Pickering generating station, built and 
owned by Ontario Hydro, with nuclear design by 
Atomic Energy of Canada Limited. During four 
peak demand months, December 1972 through 
March 1973, Pickering’s three operating units 
had a combined gross capacity factor of 96 per 
cent and generated 4,514,601 megawatt hours of 
electricity. In that period the station’s record in 
the two categories, capacity factor and electricity 
output, was unmatched by any other nuclear 
plant in the world. 
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23rd May 1973 


‘The Honourable Donald S. Macdonald, 
‘Minister of Energy, Mines and Resources, 


douse of Commons, 
)ttawa. 


Dear Mr. Macdonald, 

| Ihave the honour to submit the annual report of Atomic Energy of Canada Limited for 
whe year ending 31st March 1973, together with the financial statement and auditor's 
-eport. 

| The year began auspiciously and ended the same way. In April-May 1972 we saw 
\Jnit 3 of the Pickering generating station set a world record in going from start-up to 
ull power in just 18 days. Then in March of this year came the announcement in Buenos 
‘Mires that a CANDU station offered by AECL and our Italian partner, Italimpianti, had 
yeen chosen for Argentina’s next nuclear power plant. 

_ The excellent performance of Pickering, coupled with the sale to Argentina, has had 
vo major effects on the Canadian nuclear programme. Canadian utilities have selected 
‘he CANDU/PHW reactor system as the nuclear system to build to ensure a reliable 
nergy source and consequently this has reduced the incentive to develop one of the 
alternative CANDU systems — BLW or OCR. It has also focused the attention of foreign 
Atilities on this Canadian reactor system to the point that AECL expects to be involved 
r offering the system to a number of foreign utilities with good prospects of success. 

: Pickering dominated the nuclear power scene during the year but additional high- 
lights were provided by other installations and events. 

| The boiling light water cooled CANDU plant at Gentilly, Quebec, was taken to full 
ower for the first time in May 1972 and had two successful high capacity runs before 
)eing shut down in November to transfer its heavy water to Douglas Point so the latter 
sould be started up in time to serve as a steam source for the Bruce heavy water plant. 
‘Douglas Point was brought into operation in December and performed very well to the 
and of the year. 

| Overseas, Unit 1 of the Rajasthan Atomic Power Project in India was started up last 
August and in November delivered its first power to the grid. In October the CGE-built 
‘CANDU plant near Karachi, Pakistan, reached full power output for the first time. 

| Heavy water was in short supply, by some 300 tons, but with the co-operation of the 
itilities we were able to minimize the impact of the shortfall. The priorities of Pickering 
were met and at those reactors that gave up heavy water to make this possible, excellent 
‘se was made of the down-time to effect modifications and improvements. 

_ The heavy water supply situation is now on the upturn and we expect that by this 
time next year all demands will have been met. Some of the water will come from out- 
side the country but most of it will be from Canadian production — from HABE s Bruce 
| Sid and from CGE’s Port Hawkesbury plant. 


| 


There were some major shifts in the power reactor development programme during 
the year. it was decided, with no little regret, to wind up work on the organic cooled 
CANDU concept. One reason was financing: it was estimated that it would cost some 
hundreds of millions to take the organic system through the prototype stage and thence 
to a commercial plant. Lack of utility interest was another factor. 

The main focus for advanced systems is on a commercial boiling light water cooled 
CANDU, evolving from our BLW prototype at Gentilly. A detailed design study has 
begun and is expected to be completed in about a year’s time. The acronym given to the 
reactor is CANDU/BLW(PB), the suffix having been added to indicate that it is a 
‘plutonium burning’ system. The reactor will be designed to burn plutonium extracted 
from its own fuel and from the spent fuel from other CANDU power plants — one route 
to extending our energy reserves. Complementary to the design study are studies of 
and experiments with plutonium fuel fabrication and fuel reprocessing systems. 

After 13 years of outstanding service on the Board of Directors, Dr. Gordon M. 
Shrum retired in December 1972. Two new directors assumed office — Dr. Nancy E. 
Henderson, Associate Professor of Zoology at the University of Calgary, and Arthur J. 
O’‘Connor, General Manager of the New Brunswick Electric Power Commission. 

In the past year the tangible results of Canada’s nuclear programme have become 
more evident, not only to those directly involved but to the public in Canada and 
abroad. Credit must be given to a wide spectrum of people — in AECL, in the Canadian 
utilities (particularly Ontario Hydro and Hydro-Quebec), in industry, in private con- 
sulting organizations, and in governments and universities. At the same time we know 
full well that the nuclear programme is really only just taking off and there is much 
hard work to be done in the year ahead and in the years after that, if our commitment 
to Canada is to be met. For those of us directly involved, the challenge of the future is 
at least as great as the challenge of the past. | have every confidence that it will be met. 

On behalf of the Board of Directors | am pleased to thank all of our employees for 
their high performance and valued service throughout the year. 


Yours sincerely, 


J. L. Gray, 
President. 
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Fuel bundles for Pickering. CANDU fuel of an improved design has been developed, put into commercial production and supplied to the plant. Each bundl 
weighing 54% pounds, has the energy equivalent of 1,000,000 pounds of coal. 
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Atomic Energy 
of Canada 
Limited 


Atomic Energy of Canada Limited is a 
Crown company incorporated in February 
1952 under the Companies Act (Canada 
Corporations Act) pursuant to the Atomic 
Energy Control Act. It is an agent for all 
durposes of the Crown and the shares of 
the company, with the exception of the 
qualifying shares of the directors, are held 
oy a Minister of the Crown in trust for Her 
Majesty. 

The member of the Privy Council des- 
ignated by the Governor in Council as the 
Minister for the purposes of the Atomic 
Energy Control Act is the Minister of 
Energy, Mines and Resources, the 
Honourable Donald S. Macdonald. 

AECL is responsible for research into 
and development of peaceful uses of 
atomic energy, in particular the develop- 
ment of nuclear power systems to meet 
Canadian needs and improved applica- 
tions of radioisotopes and radiation. 

To fulfil its obligations, AECL 
1. operates laboratories for basic and 
applied research and engineering 
development; 

2. provides nuclear consulting services as 
required ; 

3. offers to supply nuclear power stations 
on the domestic and international 
markets ; 

4. effects scientific and technological 
exchange agreements with counterpart 
agencies in other countries ; 

5. designs and builds prototype nuclear 
power stations, in co-operation with 
electric utilities and private industry ; 

6. produces and markets radioisotopes ; 
7. designs, manufactures and markets 
equipment for the utilization of radiation 


and radioisotopes ; 

8. enters into co-operative research and 
development contracts with industry and 
universities ; 

9. makes available its special facilities and 
expertise to: 

a) assist industry in developing manu- 
facturing capability to nuclear quality 
specifications ; 

b) assist utilities in putting nuclear energy 
to practical use; 

C) assist universities in nuclear studies and 
techniques, applied especially to materials 
research, and 

d) assist other government departments 
and agencies in their operations and 
services. 

The main research and development 
centres of the company are the Chalk 
River Nuclear Laboratories (CRNL), 
Chalk River, Ontario, and Whiteshell 
Nuclear Research Establishment (WNRE), 
Pinawa, Manitoba. Programs at these two 
sites are closely co-ordinated and special 
emphasis is given to supporting the 
current and near-term needs of nuclear 
power. 

At Sheridan Park, Ontario, is the Power 
Projects group, with a design office and 
development laboratory. Power Projects 
is responsible for nuclear power system 
design, nuclear consulting services, de- 
velopment and testing of major equipment 
items for nuclear power plants and the 
project management of the Douglas Point 
and Gentilly nuclear power stations and 
the Nelson River transmission system. 

Commercial Products, with offices and a 
manufacturing plant at South March, 
Ontario, and a laboratory in Ottawa, pro- 
cesses and markets radioisotopes and 
designs, manufactures and sells related 
equipment and services. 

The Head Office of AECL is in Ottawa, as 
is the Heavy Water Projects Office. The 
latter has responsibility for the Bruce 
heavy water plant, the rehabilitation and 
subsequent operation of the Glace Bay 
heavy water plant and management of the 
heavy water supply and demand program. 


Nuclear electric power was generated for 
the first time in Canada in June 1962, 
from the pioneer 20-megawatt Nuclear 
Power Demonstration plant on the Ottawa 
River. In June 1972, on the tenth anni- 
versary of that event, nuclear generating 
capacity in Canada exceeded 2,000 mega- 
watts —a hundred-fold increase in the 
matter of a decade. 

More significant even than this evidence 
of growth was the performance record 
of CANDU plants, in particular Pickering 
generating station, which continued to 
add to its list of achievements during the 
year. 


540-megawatt unit at Pickering 
set a world record in going from start-up 
to full power in just 18 days. The reactor 
came into operation 24 April 1972 and 
on 12 May the station attained full power 
output. On 1 June Ontario Hydro declared 
the unit ‘in-service’, meaning it was a 
dependable generating unit in the utility's 
system. 


After 13 months of continuous operation, 


Unit 1 was shut down in May 1972 for 
warranty inspection of the turbine gener- 
ator. Examination of this and other major 
equipment showed the plant to be in good 
condition. 

Before Unit 1 could be returned to full 
service, Ontario Hydro’s operators had 
declared a strike. Management personnel 
took over and re-started the unit. Units 


A channel installation crew cleans tubes and re-installs closure plugs in the 
fourth reactor unit at Pickering. Automatic equipment ensures proper 


closures. 


On 29 June Ontario Hydro decided to 
shut the station down because of the 
strike, which Continued until late in 
October. 

Since resumption of operation, perform- 
ance of the three units has been excellent. 
Unit 1 operated for an 85-day period at 
continuous full power; Unit 2 achieved 
100 per cent availability of its nuclear 
steam supply system for four months; 
Unit 3 was operated at an average capacity 
factor exceeding 97 per cent for the four 
winter months, December 1972 through 
March 1973. In all three units heavy water 
losses were below the design limits. Com- 
missioning of the systems for Unit 4 is 
nearing completion and start-up is ex- 
pected to take place in May 1973. 
Douglas Point 
The prototype for the CANDU-PHW 
family is now operating in the dual role 


Capacity factors” of the first 


three Pickering units in 1972/3 


APR. | MAY | JUN. NOV. ! DEC. T JAN. | FEB. | MAR. | 


1972 


100 T cH eee a 100 
\ : 
x ' Coe Tl 
c 80 ra ces 80 
i } 
| — 
2 on of Aa el ee 50 
uo fay | | 
' | 
aa - oo —_— 5 a °° 
G o | 
= 20 2 | x 
20 ——— - 
ost UG! H 
| | 
APR. ' MAY ' JUN. NOV.' DEC." JAN. ' FEB. ' MAR. 
1972 1973 
100— = ee 
32 | 
ac 804 %e E —— - 80 
5 | 
5 7 | i 60 
60 Es = = 
rns | cne| 
| BY 
Unit2 FE go ees ' ee 40 
S) ro) } 
< rs i ’ 
< 204 Se 0 
re 
APR. ' MAY ! JUN. NOV. ! DEC. JAN. ' FEB. ' MAR. 
1972 1973 
100 =o —— 100 
: ee 
& | 5 w i 
oc 80 =, t 80 
S | oe 
S) Tae n 60 
60 ———_i ee 
rns a | 
i 
Unit 3 S 40 = Sete ee 40 
oO fe) i 
¢ a i 
oe 20 | 
20 <x 
3S al 


1973 


output of plant (in megawatt hours) 
rated capacity (megawatts) x hrs. in period | 


*Capacity factor = 


»f steam source for the Bruce heavy water 
slant and supplier of electricity to the 
Intario Hydro network. Shortage of 
yeavy water had kept the station shut 
Jown from 4 April 1972 until the final 
week of December, Douglas Point's in- 
ventory of heavy water having been made 
available for the start-up and operation 

of Pickering 3. 

Advantage was taken of the shutdown 
to do maintenance and make modifica- 
‘ions. The rows of turbine blades that had 
‘ailed in 1968 and been withdrawn were 
‘eplaced. Other work included the com- 
dletion of the piping system for steam 
supply to the Bruce heavy water plant and 
neasures to improve heavy water con- 
servation. 

A program to decontaminate the primary 
system was Started in 1971-72 with the 
object of reducing radiation levels in the 


Electricity produced by 


Ontario Hydro 1972/3 winter 


Es : TOTAL 
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boiler room. The presence of radioactive 
corrosion products in the primary system 
was causing high radiation fields and 
an improved purification system was in- 
stalled to remove them. By 1973 radiation 
fields around the boilers had been re- 
duced to one-sixth of former levels and 
still further improvement is in prospect. 
Bruce Generating Station 
This 3,000-megawatt four-unit station is 
being built on the shore of Lake Huron, 
near Douglas Point, by Ontario Hydro. 
AECL is designing the nuclear steam 
supply system and central controls. 
Work at the site was kept essentially to 
schedule despite the four-month Ontario 
Hydro strike, which affected some con- 
struction personnel. The first two reactor 
assemblies were installed and tubing of 
one was completed. Some fuel handling 
equipment arrived at site, some of the 


boilers were delivered and installation of 
system piping and control instrumenta- 
tion was started. Excavation for the last 
two units was completed and civil con- 
struction commenced. The first of the 
Bruce units is scheduled to start up in 
1975, with the remainder following at 
yearly intervals. 

Gentilly 

Operation of this 250-megawatt proto- 
type station was resumed early in 1972, 
on completion of modifications to the 
reactor protective system. Power was in- 
creased in steps from 50 per cent and 

full power was reached 18 May. The 
station was then run at full power fora 
three-week demonstration and a capacity 
factor of 97 per cent was achieved. Opera- 
tion at high power levels for testing and 
commissioning continued and 97 per 
cent capacity was attained again during 
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Douglas Point nuclear power station (foreground) operates in a dual role, 
supplying steam to the Bruce heavy water plant (towers in rear) and electricity 


to the Ontario Hydro grid. 


GROSS MEGAWATT HOURS (MILLIONS) 


a four-week run in August. Situated on 
the south shore of the St. Lawrence near 
Trois-Riviéres, the station is owned by 
AECL and operated by Hydro-Quebec. 

Gentilly was built to demonstrate the 
characteristics of a reactor employing 
heavy water as the moderator and ordin- 
ary water as coolant. It operates on natural 
uranium but will also yield information 
of value in developing future advanced 
reactors employing fuel containing re- 
cycled plutonium. 

In November 1972, Gentilly was shut 
down and its heavy water was made 
available to Douglas Point to enable that 
station to act as asteam supply source 
forthe Bruce heavy water plant. A pro- 
gram of improvements and modifications 
is being carried out during the shutdown. 
Nuclear Power Demonstration 
NPD was down for seven months of the 


year, three months while its heavy water 
was on loan to Pickering and four months 
due to astrike by employees of Ontario 
Hydro. 

Since first starting operation in 1962, 
Canada’s first nuclear power station has 
played many roles. Originally it demon- 
strated the engineering feasibility of 
CANDU power reactors. Subsequently 
it has been used to train operators for 
both Canadian and overseas utilities and 
as a test-bed for developing a wide range 
of reactor components, from tritium 
monitors to fuelling machines. 

Current experiments include the proto- 
type testing of new types of fuel, opera- 
tion of fuel channels with some boiling 
at the exit to simulate conditions at the 
Bruce generating station, and the full- 
scale testing of equipment and procedures 
to reduce radiation fields around the 


primary circuits of water-cooled reactors. 
RAPP 

The first of the two 200-megawatt units at 
the Rajasthan Atomic Power Project in 
India was brought into operation 11 
August 1972. The station is being built 

by the Indian Department of Atomic 
Energy. AECL designed the nuclear system 
and central controls. 

Following a period of measurements, 
power was increased and steam was ad- 
mitted to the turbine generator in Septem- 
ber. Early operation of the turbine gener- 
ator systems showed a need for modi- 
fications. These were completed, com- 
missioning of the unit was resumed and 
first power was sent to the grid in Novem- 
ber. 

There was a marked decrease during the 
year in Canadian involvement in the 
Rajasthan project. All design work has 
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The control room of Gentilly nuclear power station, where full power output was attained for the first time in 1972. 


been done and virtually all equipment 
ordered in Canada has been shipped to 
India. Anumber of Canadian staff have 
returned to Canada. Final construction 
and commissioning of the second unit will 
be handled almost entirely by Indian staff. 
Bruce Heavy Water Plant 

Built by AECL and operated by Ontario 
Hydro, this plant consists of two enriching 
units of 400-tons-a-year capacity each 
and a finishing unit. Steam sources for the 
operation are an oil-fired steam plant and 
the Douglas Point power station. 

The Ontario Hydro strike delayed start-up 
but commissioning of the first enriching 
unit and the finishing unit was nearing 
completion at year end and commission- 
ing of the second unit was well advanced. 

The first unit has been separating deu- 
terium since December but not enough 
enrichment of the in-process fluid has 


occurred to permit withdrawal of product. 
This is expected to take place in April. 
Glace Bay Heavy Water Plant 
Dismantling of piping and equipment, 
which started in December 1971, was 
essentially complete by July 1972. 

The rehabilitation project encompasses 
an enriching process which requires the 
use of all major towers in the original plant 
and a quantity of the original equipment. 

All equipment that will be re-used is 
being inspected and rehabilitated to meet 
the required standards. 

A new fresh water supply reservoir is 
almost complete. The reservoir had filled 
to the halfway mark by April’73. 

The design for the plant includes new 
water treatment facilities to ensure the 
required water quality, an effluent treat- 
ment system, cooling towers, a control 
building and improved maintenance 


facilities. 

Most of the civil and underground work 
is complete. The bulk of the reconstruc- 
tion work is installation of piping. Itis 
expected to be finished by the summer of 
1974. The work force will reach a peak 
of 900 employees in the fall of 1973. 

The Nova Scotia Power Commission 
has initiated an upgrading program with 
a view to increasing the reliability of steam 
and electric power supply and plans to 
have this work done before the start-up of 
the heavy water plant. 

The Glace Bay heavy water plant is to be 
operated by AECL anda team isin 
Montreal working on commissioning 
plans in conjunction with the design en- 
gineering organization. The operations 
group will move to the site by midsummer 
and by the end of 1973 will have start- 
ed commissioning some auxiliary systems. 
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Canada’s first nuclear power station, Nuclear Power Demonstration, has played many roles since it started operating in 1962. It has demonstrated the 
feasibility of the CANDU concept, been used to train operators and served as a test-bed for components, fuels and coolant modes. 


Heavy Water 

To meet the demand for heavy water and 
ensure its proper allocation, AECL entered 
into an arrangement with Ontario Hydro 
known formally as the Heavy Water Pool 
Agreement, to be administered, main- 
tained and accounted for by AECL. The 
heavy water involved includes all water 


purchased by AECL since 1 January 1968. 


Both parties agreed to meet their re- 
quirements exclusively through the pool. 
The administration of the pool was as- 
signed to AECL’s Heavy Water Projects 
Office. 

The CGE plant at Point Tupper, N.S., 
operated throughout the year. Instability 
problems, attributed to foaming in the 
exchange towers, limited production to 
about 60 per cent of design capacity. A 
high priority development program is 


under way, in both AECL and General 
Electric, and is expected to result in 
gradually increasing production during 
the coming year. 

Despite foreign purchases and the pro- 
duction of heavy water by CGE, it was 
necessary to shut down Douglas Point 
and NPD in April 1972 to provide heavy 
water for the commissioning of Pickering 
3. The NRU reactor, shut down in June 
for vessel replacement, also contributed 
heavy water to Pickering, and to NPD 


when the latter was ready to start up again. 


After maintenance and system modifica- 
tions were completed at Douglas Point, 
the Gentilly reactor was shut down in 
November and its heavy water was trans- 
ferred to Douglas Point to enable the latter 
to start up and produce steam as a back- 
up for the Bruce heavy water plant. The 


transfer was completed early in December 
and Douglas Point returned to full power 
operation New Year's Eve. 

It is anticipated that all the demands for 
heavy water will be satisfied before the 
Spring of 1974. 

Nuclear Power Marketing 

A tender for a 600-megawatt station was 
submitted 5 June 1972 by AECL, in 
partnership with an Italian firm, Italim- 
pianti, to the Comision Nacional de 
Energia Atomica of Argentina. On 14 
March the partners were informed that 
the Argentine government had decided in 
favor of a natural uranium fuelled reactor 
for the station and that the AECL/ 
Italimpianti bid had been accepted by 
the CNEA. Contract negotiations are under 
way. 

Other bidders for the plant, to be built at 
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Pickering nuclear power station, with three of its four CANDU units operating at high capacity, topped all nuclear plants in the world in electricity generated 
from December 1972 through March 1973. Unit 4 was to come into operation in May of ‘73. 


Rio Tercero in the Province of Cordoba, 
were two U.S. companies and a German 
consortium. 

Negotiations are in progress with 
Hydro-Quebec regarding the commit- 
ment of a 600-megawatt power reactor, 
the plant to be built at the Gentilly site. 

AECL was among three companies in- 
vited by Ente Nazionale per I’Energia 
Elettrica (ENEL) of Italy to tender ona 
nuclear power plant in the size range from 
800 to 1,000 megawatts. ENEL expects 
to award a contract for the project by the 
end of the year. 

Market contact is being maintained with 
a number of other countries showing 
interest in the future commitment of 
nuclear power plants. 

Power Projects 
The function of AECL Power Projects 


continues to evolve as the nuclear power 
program develops. New responsibilities 
both in design and development during 
the year created a considerable redis- 
tribution of the technical resources of the 
group. 

While other projects began to assume 
increasing importance, the main emphasis 
was still on the Bruce generating station. 
Shop engineering liaison work for Bruce 
was ata high level as major equipment 
was completed and tested by the fabrica- 
tors. At Peterborough, the fuel handling 
system design progressed favorably and 
component development tests were 
largely concluded, with the results being 
incorporated into the design. New faci- 
lities for testing fuel handling equipment 
were completed. 

New work fed into the design offices 


included that for the Cordoba reactor in 
Argentina, Gentilly 2 in Quebec and 
ENEL-5 in Italy. 

In addition, Power Projects has been 
assisting Ontario Hydro in studies related 
to the utility’s future nuclear power pro- 
gram. The first study, for a virtual duplica- 
tion of Pickering, was completed and 
engineering for the project was author- 
ized by Ontario Hydro. Much of the sys- 
tems engineering will be done by On- 
tario Hydro, with AECL responsible for the 
reactor, controls and fuel handling system. 
Two other studies concerned the Bruce 
plant, both as a replication and with 
design improvements. Preliminary work 
was completed and engineering of an 
improved Bruce design was started. A 
study was also begun of a four-unit 
5,000-megawatt plant. 


Ascale model of the Glace Bay heavy water plant, built by the prime 
contractors, is being used as a design aid, as a guide for the cons- 
truction forces and to explain the project to firms bidding on various 
phases of the work. Later it will be used in operator training. Only 


part of the 25-foot model is shown. 


Happy personnel at the RAPP station in India hoist the station superintendent 
shoulder-high as the first unit starts up. 
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Extensive experiments, development and 
testing must be done to support the design 
and construction of nuclear power plants 
to ensure they will be efficient, reliable 
and safe. To illustrate, engineering support 
for the Douglas Point prototype plant has 
cost about $9 million. Similar work for the 
Pickering station will amount to about 


The automatic tube welder being used by a technician in the Power 
Projects laboratory is an example of equipment developed by AECL to 
meet the requirements of the nuclear power program. 


$11 million. 
As reactor designs mature and equip- 
ment is duplicated in later stations, the 
amount of development and testing will 
decline. However, experience has shown 
that test work is required even for repeat 
stations, as for example when a manu- 
facturer changes his design, material or 
manufacturing procedure, or whena 
different supplier is chosen. Further, there 
is considerable economic incentive to 
make technical advances with each new 
plant design and these must be supported 
by experimental work. As the nuclear 
power program expands, the volume of 
test work is expected to increase, with a 
growing share being done by utilities and 
manufacturers. 


The major laboratory in Canada for large- 
scale mechanical testing under simulated 
reactor conditions is at AECL Power 
Projects. Other valuable facilities exist 
outside AECL where portions of the test 
work are performed under contract. For 
example, prototype Bruce refuelling 
equipment is being tested at Peterbor- 
ough, while important results relating to 
pressure drops in Bruce piping systems 
have been obtained in Hamilton. 

The staff of the Power Projects laboratory 
maintain close contact both with the 
designers and the operators so that test 
work is pertinent and timely. Thus, prob- 
lems arising during commissioning or 
operation are identified early and experi- 
mental work can be implemented to 


A large scale heat transfer and fluid dynamics test facility, the Freon loop, was 
completed and brought into service at Chalk River. It can test channels as large 
as or larger than any contemplated for CANDU reactors to be built in the next 
10 years. 


obtain solutions. 

As an aid to investigating equipment 
faults which arise in reactor service, a 
small radioactive laboratory has been set 
up at Power Projects. In this, items that 
are mildly radioactive or contaminated 
can be examined. The facility has also been 
useful for repair and maintenance work 
on active reactor components. 

Major programs within the laboratory 
included tests of 37-element fuel ina 
specially built rig ; endurance testing ona 
mock-up of the booster fuel for Bruce; 
testing and fabrication of Bruce booster 
rod drive mechanisms ; development of a 
second shutdown system for Bruce; 
modifications of four ‘production’ fuelling 
machines for Pickering and the purchase 


and testing of a second fuelling machine 
for Gentilly. 

CANDU-BLW (PB) 

Studies of an improved CANDU-BLW 
based on the experience gained with the 
prototype Gentilly station have led to the 
initiation of a full-scale detailed design 
study to be done jointly by Power Projects 
and CRNL. The study will concentrate on 
a 1,200-megawatt unit but a parallel study 
of a 600-megawatt unit will be made, as 
the initial demand will probably be for the 
latter. 

The reactor will be identified as CANDU- 
BLW (PB) (boiling light water) (pluto- 
nium burner) since it will be designed to 
make use of plutonium generated in the 
natural uranium fuel of CANDU power 


reactors. 

Roughly $100,000,000 worth of pluto- 
nium will have accumulated in irradiated 
fuel from Canadian reactors by 1980, 
followed by a large annual production in 
later years. There are three ways in which 
to deal with this plutonium: store it in- 
definitely in the fuel bundles discharged 
from the reactors ; export for sale either 
the irradiated fuel bundles or separated 
plutonium, or utilize the separated 
plutonium in Canadian reactors. The 
attraction of plutonium recycle is that it 
will extend nuclear fuel resources and 
offers the potential to reduce the capital 
cost of CANDU plants. 

OCR Design Study 
When research facilities were planned for 


tal 


This is a model of a pilot line being installed at Chalk River for the fabrication of uranium/plutonium oxide fuel, as part of the study of the use of plutonium 
generated in the fuel of CANDU reactors. 


AECL’s Whiteshell Nuclear Research 
Establishment, it was decided to use an 
organic liquid as the coolant for the 
research reactor, WR-1. Organic liquid 
had been suggested as a coolant for 
CANDU-type power reactors and its use 
in WR-1 would provide a good test of this 
idea. The successful commissioning and 
operating performance of WR-1 during. 
the period 1965-71 indicated that the 
concept could well offer both capital and 
operating cost advantages over existing 
water-cooled CANDU options. In March 
1971, approval was given to proceed with 
a detailed design study of a 500-megawatt 
CANDU-OCR prototype power station, 
to quantify these advantages, determine 
the cost of taking the system to the 
commercial stage and identify any out- 


standing problems that might have been 
overlooked in the development program. 

The study, which was done jointly by 
Power Projects and WNRE, with assist- 
ance from CRNL, consultants and indus- 
try, was started in June 1971 and com- 
pleted in September 1972. The effort was 
concentrated on areas that were critical 
to the design and those where significant 
differences were expected between water 
and organic cooled stations. 

Following a careful review of the study 
team’s report, it was decided that the 
expenditures required could not be 
justified in view of the gains that could be 
identified ; it was estimated it would cost 
at least $500 million to take the concept, 
via a prototype, to the commercial stage. 
Consequently, detailed development for 


an organic cooled power reactor is being 
phased out in such a way as to leave open 
long-term options. 

Fuels 

The performance of fuel inthe NPD and 
Douglas Point reactors has continued to 
be satisfactory, with a low defect rate of 
about one fuel bundle per year in each 
reactor. A higher rate was encountered in 
the first year’s operation of the Pickering 
reactors ; about 0.4 per cent of the bundles 
developed leaks in-reactor. However, 
changes in the operating procedures have 
since greatly reduced the defect rate. 

In addition, in collaboration with the fuel 
fabricators and Ontario Hydro, AECL has 
developed an improved fuel design more 
tolerant of the power increases that have 
been the main cause of failures. A thin 
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A technician checks an experimental fuel bundle 
with demountable elements used in the develop- 
ment of an improved fuel design employing a thin 
layer of graphite between fuel and sheath. In 
practice, such operations are performed behind 
shielding to protect the operator from radiation 
from fuel withdrawn from a reactor. 


A composite pressure tube being developed in a program between WNRE and a private company 
offers a possible solution to the problem of brittleness inherent in ceramic materials, which other- 
wise have a potential for use in high temperature reactor conditions. 


layer of graphite between the fuel and the 
sheath decreases local stress concentra- 
tions in the sheath and also protects the 
sheath from attack by aggressive fission 
oroducts released from the fuel. The 
nodified fuel is in commercial production 
and the first bundles were loaded at 
Pickering during the late spring of 1972. 
Another two tons of irradiated fuel from 
the WR-1 reactor were shipped to Britain 
for processing. In return for the plutonium 
‘rom these rods, British Nuclear Fuel 
Corporation will again provide CRNL 
with plutonium of an isotopic composition 
nore similar to that in spent CANDU fuel, 
‘or use in plutonium recycle studies. 
Experimental fuel bundles containing 
thorium oxide (ThO,) and thorium metal 
have been installed in WR-1. In addition 


to the thorium, these contain a small 
amount of U-235. As the irradiation pro- 
ceeds, the U-235 will be burnt out and 
replaced by a new fissile material, U-233, 
produced by the neutron irradiation of 
thorium. 

Over the past year significant progress 
has been made in the high density fuels 
program. Both uranium-silicide for water 
cooled service and uranium-carbide for 
organic cooled service have been 
developed to give promising performance 
under defect conditions. 

Heavy Water 

AECL’s laboratories have become in- 
creasingly involved in the support of heavy 
water plants. Personnel from CRNL have 
been attached to the Port Hawkesbury 

and Bruce plants, have participated in the 


design of the Glace Bay plant and have 
provided consulting services. The close 
association with the operating plants 
resulted in several experimental investiga- 
tions being initiated at CRNL, WNRE and 
other laboratories. These included 
development of new analytical techniques 
and identification of foaming agents 
present in the feedwater, in the hydrogen- 
sulphide gas supply and in the oil used in 
equipment seals, as well as foaming agents 
formed by reaction of the oil with H,S. 

Oils with less potential to cause foaming 
can now be selected. Two mobile 
laboratories are being built by contractors 
to help solve operational problems at 

plant sites. Much remains to be learned 
before maximum production can be 
achieved. 


1S: 


A refrigerated recirculating loop is used at CRNL to develop on-line methods for chemical analysis of the amine solutions encountered in the hydrogen- 
amine heavy water process. 


Development has continued of two 
competing processes with potential for 
producing heavy water more cheaply. An 
outside design firm has virtually completed 
an independent assessment of the steam- 
hydrogen-amine process, while work on a 
gas-liquid contactor at CRNL has con- 
firmed and extended necessary design 
data. Chemical laboratory studies have 
yielded valuable results on amine 
chemistry and the homogeneous catalyst 
required for this process. 

For the hydrogen-water process, further 
improvements in the heterogeneous 
catalysts have been made in the labor- 
atory. Of the metals so far evaluated, 
platinum is the most effective catalyst at 
low temperatures but several options for 
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the choice of catalyst support and water- 
proofing agent remain open. Computer 
models have been developed to assess 
mass transfer, while pilot-scale equip- 
ment has been constructed to test the 
catalyst performance under realistic 
conditions. 

At WNRE, complementary research has 
focused more on nickel-chromium 
catalysts. They would be much cheaper 
than platinum ; whether they would be as 
effective has yet to be established. 

The programs are aimed at selecting for 
exploitation the more promising of the two 
production processes. Meanwhile, the 
hydrogen-water process may find applica- 
tion as the final enrichment stage of 
water-H,S plants. 


A mass spectrometer system f 
automatic determination of deuterium 
concentrations in process streams in 
research and development programs and 
at heavy water plants has been fully 
developed. Eight units, three of which are 
at heavy water plants, are operating well. 
It is expected that more units will be 
needed and a Canadian instrument manu- 
facturer is prepared to meet future de- 
mands. A significant effort has gone into 
training staff from other organizations 
involved in the heavy water program in the 
use of this and other analytical equipment 
required for heavy water production 
processes. 
Materials and Components 
Notable advances have been made in two 


An Advanced Design System is used daily by designers in areas such as printed-circuit board layouts, flow-charting, artwork for thick-film circuits, instrument 
design and systems documentation. It provides engineers and technologists with a powerful tool for solving problems in electronics and related fields. 


areas of fuel-channel technology. Short- 
term irradiations in NRU of two high- 
strength pressure tubes of new zirconium 
alloys confirm that further development is 
warranted. As well as offering higher 
design strengths, and hence thinner- 
walled pressure tubes, there are also good 
indications, from other tests, of superior 
creep resistance at high operating tem- 
peratures. Pressure tubes to an optimized 
composition and fabrication schedule are 
being prepared for insertion into NRU 

for start-up. 

AWNRE program to study ceramic 
materials, which show good strengths at 
high temperatures, has been directed 
toward solving the major problem relating 
to their application in a reactor — their 


inherent brittleness. Some method of 
toughening brittle material is required. A 
possible solution lies in a composite 
pressure tube currently being developed 

in a joint program between WNRE anda 
private company. 

Instrumentation and Control 

Studies of the dynamic aspects of reactor 
control and safety systems continued on 
an expanding scale. The focus has been 
the specification and development of con- 
trol and safety systems for improved 
boiling-light water reactors but the results 
are also applicable to future PHW reactors. 
A highlight has been the formulation of a 
program for the development of two- 
phase (gas-liquid) control absorbers for 
future CANDU reactors. 


A major emphasis has been on a better 
understanding of the spatial control of 
large reactor cores. To this end CRNL has 
performed spatial kinetics experiments in 
the ZED-2 lattice test reactor and de- 
veloped multizone reactor models whose 
behaviour is investigated on a hybrid 
computer simulation facility. The studies 
have illustrated the worth of this simula- 
tion technique and also demonstrated the 
need for a more powerful facility to model 
the more complex systems envisaged for 
future power stations. 

Another important piece of work has 
been the definition of the load-following 
requirements for future power stations and 
their effects on overall control strategy. 

Efficient systems for the detection and 
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An ultrasonic tube tester checks all Zircaloy tubing destined for in-reactor experiments. The tubing turns in a circular motion as it passes between two sensors 
and flaws are indicated by a flashing light and audible signal. 


location of defected fuel bundles in power withindustry, utilities and design consul- graphic interferometry. 


reactors are important, since the early tants. The object is continuing improve- Radiation Fields 

detection and removal of a defective ment in the production reliability of In water-cooled reactors, corrosion prod- 
bundle will prevent radiation fields that nuclear power systems and heavy water ucts in the primary coolant circuit be- 
could arise from the release of fission plants. come activated in the reactor core. When 
products to the heat transport system. A The long-term objective of the new these deposit on out-reactor components, 
major effort was a series of experiments at quality control branch at CRNL is to such as heat exchangers, they cause 

CRNL to confirm the detailed design of measure lifetime deterioration of plant radiation fields that impede maintenance. 
the delayed neutron location system pro- | components with sufficient accuracy to AECL, in collaboration with the electrical 
posed for the Bruce reactors. permit repair or replacement in a pre- utilities, is devoting a major effort to find- 
Quality Control dictable and efficient manner. The highest ing methods for reducing these fields. 

As the power program has matured, in- priority program during 1972 was the Simple chemical methods for decon- 
creasing attention has been given to development of an eddy current scanning _taminating the reactor have been devised. 
equipment and system reliability. Analy- system to inspect the tubes in the Picker- It was found that rapid changes in tem- 
tical methods, test procedures and re- ing steam generators. Other techniques perature and in chemical conditions lead 
quirement specifications are being being investigated are radiography, to a 10- to 100-fold increase in the con- 
developed internally and in co-operation ultrasonics, acoustic emission and holo- centration of suspended corrosion prod- 
16 


With the object of obtaining a better understanding of the heat transfer characteristics of fuel rod bundles in power reactors, an experimental program is 
under way in an out-reactor loop at WNRE with an electrically-heated simulation of a typical sub-channel from a nuclear fuel bundle. Here, a technician 
examines a prototype trefoil test section before installation in the loop. 


ucts in the coolant. These suspended high, nickel metal would be stable. If, about 70,000 tonnes of uranium by the 


corrosion products can be removed by the however, oxygen was in excess, nickel year 2000. It is anticipated that a large 
filtration and purification system. Such oxide would be stable. The change in fraction of this fuel will be stored inde- 
decontaminations have resulted ina chemical condition in the reactor caused finitely. (The volume would cover no more 
nearly six-fold reduction in fields. large changes in the corrosion film. During than three city lots 100 by 100 feet toa 
One of the chemical techniques dis- these changes the film tended to break up "height of 30 feet.) 
covered at the Douglas Point reactor was and much material was released to the A study of conceptual designs and cost 
to change the coolant conditions from coolant, where it could be filtered out. estimates of spent fuel storage schemes is 
reducing to oxidizing and back again by Three types of hot filter are under de- under way. Concepts being evaluated 
alternate additions of oxygen and hydro- velopment. Tests have confirmed that include water, air and heat-sink cooling. 
gen. Chemists at WNRE have concluded filters reduce the particle concentration in The main ground-rules for the study are 
that this quite mild change in chemical the coolant and a larger scale test of the that the fuel be retrievable, the facilities 
conditions causes a chemical change in two most attractive filters is being have a life of at least 100 years and that 
the corrosion deposit. A study of the ther- | mounted inthe NPD reactor. costs for perpetual storage be paid at the 
mo-dynamics of nickel and nickel oxide Spent Fuel Storage time the fuel is committed to storage. 
showed that, under reactor conditions Spent fuel from power reactors in Canada _ Work to date has shown that storage 
where the concentration of hydrogen was _ is expected to reach a cumulative total of facilities that require significant operating 
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Eddy current equipment is used by AECL and Ontario Hydro engineers to 
inspect steam generator tubes at Pickering. The long-term objective is to 
measure lifetime deterioration of nuclear plant components with sufficient 
accuracy to permit repair or replacement in a predictable and efficient 
manner. 


Titanium autoclaves are used to study the movement of radioactive 
atoms between corroding metal surfaces, as part of the program 
aimed at reducing activity transport in the coolant circuits of power reactors. 


funds can lead to high perpetual storage 
costs. However, these costs are still low in 
relation to total unit energy costs. 

A policy of retrievable storage of spent 
fuel ensures that irreversible decisions will 
not be made prematurely. It implies also 
that solid wastes will be contained fora 
finite time period. The option then remains 
open to repeat the previous storage 
method or switch to techniques that have 
been developed in the meantime. 

Current nuclear power reactors use ‘ther- 
mal’ neutrons to maintain the chain 
reaction and for operation they require a 
continuing supply of fissile material. The 
‘fast’ neutron reactors being developed in 
a number of countries are designed to 
‘breed’ fissile material from fertile 


uranium-238. 

There is an alternative route to extracting 
energy from fertile material, and that is the 
conversion of fertile material to fissile 
with neutrons produced in electro-nuclear 
devices, and then using the fissile material 
to fuel thermal reactors, of current or 
improved designs. 

While the process is not economic at the 
present time, it does have interesting 
possibilities and is the object of a long- 
term project at CRNL. In the Accelerator 
Physics Branch, operating tests have 
begun of accelerators built to study the 
technology of high current, high energy 
beams of ions and electrons and their use 
in the generation of neutrons to convert 
fertile U-238 and thorium-232 to fissile 
plutonium-239 and U-233 respectively. 


The new High Current Test Facility has 
operated with beam powers about 10 per 
cent of design power. A computer-based 
data acquisition system for the injector 
stage of the facility was commissioned 
during the year. The system monitors and 
logs data and provides remote set point 
adjustment of various parameters to study 
the performance of the direct current 
injector. A unique feature of the system is 
its ability to perform these functions 
through a voltage differential of 750 kV. 
The system uses problem-oriented 
commands to facilitate operator inter- 
vention and is proving a powerful tool in 
commissioning the injector. 

The Electron Test Accelerator is also 
being commissioned and the first section 
has operated at low current. 


In response to the stringent demands of the nuclear program, new and more sophisticated welding techniques have been developed and introduced. An 
example is electron beam welding, here being performed, in a vacuum chamber, on a Zircaloy pressure tube. 


The Commercial Products group has the 
responsibility within AECL for developing 
new and improved applications for radia- 
tion and radioisotopes, the development 
and manufacture of related equipment and 
the world-wide marketing of products and 
services. 

The principal product lines are: 
a) cobalt-60 teletherapy equipment and 


systems; 
research and production-scale gamma 
irradiation facilities ; 
an extensive line of radioisotopes in 
bulk and sealed sources ; 
low-wattage, cobalt-60 powered 
energy sources designed to custom 
requirements ; and 
e) asmall, low-cost nuclear reactor. 
Activities are divided into four main 
groupings: 
a) Medical Products 
b) Gamma Irradiation 
c) lsotopes 
d) Reactors and Energy Sources 
During 1972-73 the products and serv- 
ices from these programs produced a 
gross revenue of $10.8 million, an increase 


over the previous year’s business of 


approximately $0.5 million. This figure 
was short of the forecast for the year by 
approximately $100,000. New business 
generated during the year exceeded the 
previous year’s performance by ap- 
proximately $1.5 million and there is every 
indication that this level will be at least 
maintained during the coming year. 

The distribution of new business be- 
tween the North American and other 
world markets returned to normal, with 
the former climbing back to the 65 per cent 
level after a marked fall-off in the preced- 
ing year. 


The medical products program includes 
cobalt-60 beam therapy equipment, 


The cell area in the isotope production building of Commercial Products. Each cell has two work stations equipped with master slave manipulators 


for the remote handling of radioactive isotopes. 
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sources and accessories. During 1972-73 
these products provided 67 per cent of 
total revenue. Orders written during the 
year totalled $7.4 million. 

A highlight of these activities was a 
therapy machine order totalling about 
$250,000 placed by the Peoples Republic 
of China at the Peking Trade Fair. Follow- 
up orders in the same amount were re- 
ceived later in the year. 

The new line of cobalt-60 beam therapy 
equipment, which was introduced to the 
market at the 1971 Radiological Society 
of North America convention, entered 
the manufacturing stage and shipments 
began during the last quarter. Sales at 
year-end totalled 46 units. 

Development of computerized treatment 


and planning systems continued both 
within Commercial Products and exter- 
nally through a development contract with 
the Princess Margaret Hospital in 

Toronto. 

In the field of medical diagnostic de- 
vices, work continued on applications 
of Compton scanning techniques. An 
instrument to measure bone density has 
been developed and a prototype is being 
evaluated at the Winnipeg General 
Hospital. The Gammatone, which has 
been developed in collaboration with 
Carleton University, Ottawa, showed 
promising results in its ability to identify 
abnormalities in organs. In the coming 
year the prototype equipment will be 
evaluated at the University Hospital, 


London, Ontario. 

In collaboration with CRNL, consider- 
able progress was made in the develop- 
ment of linear accelerator therapy equip- 
ment. Work also continued with the 
University of Western Ontario on the 
development of a racetrack microtron for 
medical applications. 

In December 1972 an agreement was 
signed under which AECL and Compa- 
gnie Générale de Radiologie, France, will 
co-operate in the development, manu- 
facture and marketing of a range of high 
energy accelerators to be used for the 
treatment of cancer. This agreement will 
result in the introduction of a compre- 
hensive line of equipment using Canadian 
and French technology and will generate 
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University of Western Ontario physicists check the laboratory prototype of the ‘Microtron’ 
accelerator developed for Commercial Products. 


Production of irradiated wood at Commercial 
Products increased six times last year. AECL 
supplies this material to commercial flooring 
companies. This installation, 9,000 square feet, is 
in the banquet hall at the new Nepean Sportsplex, 
near Ottawa. 


a significant increase in the volume of 


production work at Commercial Products. 


A study to define a neutron therapy 
product suitable for cancer treatment is 
being conducted jointly with CRNL. 
Gamma Irradiation 
The gamma irradiation program includes 
lines of research scale and production 
irradiators and the service irradiation in 
Commercial Products’ facilities of various 
proprietary products such as wood- 
parquet flooring, animal feeds, medical 
disposables and cosmetics. In 1972-73 
these products and services produced 18 
per cent of total revenue. 

During the latter half of the year in- 
creasing interest was noted in the use of 
radiation for industrial purposes both in 


North America and abroad. In Canada, 
Commercial Products’ equipment and 
cobalt-60 were being used by concerns 

in Montreal and Toronto offering steriliza- 
tion services. 

In all, more than 800,000 curies of 
cobalt-60 are in productive use in Canada, 
while another 200,000 curies at London 
Hospital and 100,000 curies at Commer- 
cial Products are devoted to research into 
new applications. 

During the last quarter of the year, 
Commercial Products completed a co-op- 
erative contract which will establish a 
gamma irradiation service facility in the 
important Greater Chicago market. 
Isotopes 
The isotope program has included separa- 


ted and processed isotopes produced in 
the CRNL reactors and processed in 
Commercial Products laboratories. In 
1972-73 these products provided 11 per 
cent of total revenue, with the greatest 
volume being sold in bulk form to phar- 
maceutical companies in Canada and the 
United States. 

Molybdenum-99 has become the dom- 
inant product of the isotope market. As 
an interim measure, arrangements have 
been made for the use of the McMaster 
University reactor for the production of 
molybdenum-99. Entry into the market 
has been delayed due to modifications 
to the production process to suit the larger 
targets required. 

Revenue from processed isotopes ex- 
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The product transfer system of a J6500 cobalt-60 irradiator is checked. AECL equipment like this is now in use in Europe and North America for the 
biological sterilization of disposable medical products. 


ceeded forecasts despite severe competi- 
tion and a continuing downward pressure 
on prices. Even so, a restructuring of the 
program in both its content and execution 
has been launched with the object of 
increasing business volume. 


The program to develop energy sources 
using the decay energy of radioactivity 
concentrated in its early phase on the 
development of the necessary technolo- 
gies, particularly those of energy con- 
version. Initial studies covering thermo - 
electric, beta-voltaic and heat engine 
conversion have to a large extent been 
completed. Simultaneously, the applica- 
tions of these devices have been studied, 
to clarify the circumstances where the 


technology is needed and at the same time 


is economic. In the continuing program 
this process of market/technology 
matching will be emphasized and is ex- 
pected to begin producing revenue on 
a modest scale during the coming year. 

In the area of low energy devices, CP is 
focusing on a battery suitable for heart 
pacemakers and similar applications. The 
technology seems to meet the application 
needs at an economic price. Whether to 
carry the work through to the commercial 
stage will likely be decided in the next 
year or two. 

Commercial Products has continued its 
investigations into the possibility of using 
cobalt-60 powered heat-electric sources 
for applications requiring kilowatts of 


power. A study has been undertaken i 
co-operation with an outside company to 
obtain preliminary information on the 
feasibility of using this type of power fora 
specific application. 

At intermediate levels of energy require- 
ments, the group has developed an im- 
proved version of the Maple series, ex- 
pected to be flexible in meeting varied 
market requirements. The use of depleted 
uranium shielding at competitive prices is 
one aspect of the design change. Maple 
is the acronym for Minor Atomic Pro- 
longed Life Energy Source. Earlier 
versions are powering a navigational 
beacon on the St. Lawrence Seaway and 
a weather-recording device in the Arctic. 


The 2,000th cobalt-60 source for the treatment of cancer was sold by CP early in 1973. The source was destined for installation in a unit at the Children’s 
Hospital in San Francisco. In the photo the source is being encapsulated by remote manipulators. 


Research 


Nuclear Physics 
The MP tandem accelerator at CRNL 
resumed normal operation in September 
following the commissioning of the new 
high-gradient tubes installed in June. 
Operating voltage was raised 30 per cent 
to 13 million volts, making it the highest 
voltage tandem accelerator in use in the 
world. As part of this upgrading program 
a large portion of the accelerator was 
stripped down and reassembled and al- 
most every facet of its operation was 
improved. The original gas stripper was 
replaced by a foil stripper ; a foil removes 
more electrons from the heavy ions as they 
pass through the high voltage terminal 
and thus further increases the energy of 
the ion beam. 

New programs, not possible before the 
upgrading, have already given interesting 


results. For example, various high-energy 
heavy-ion beams have been used to 
produce several new isotopes, ranging 
from very neutron-rich light nuclei such as 
beryllium-12 and boron-14 to the very 
neutron-deficient isotopes 218, 219 and 
220 of thorium, and including krypton-72, 
the heaviest nucleus so far produced 

that contains equal numbers of neutrons 
and protons. The properties of these new 
isotopes, and the nuclear reactions that 
produce them, are being studied. 

Major improvements in the experimental 
facilities have also been made. A new 
magnetic spectrometer, the most ad- 
vanced of its type anywhere, will allow 
precise momentum measurements with 
double the range of any existing facility, 
after it has been commissioned in 1973. 

In another field, equipment has been 
assembled to measure the gyromagnetic 
moments of excited states using nuclear 
magnetic resonance techniques. 

The guaranteed performance of the up- 
graded accelerator appears to have been 


conservative and reliable operation at 
13.7 million volts has been obtained on 
two separate occasions. 

Laser Doppler Anemometry 

The amount of heat that can be removed 
from a surface by a cooling fluid is limited. 
This limitation creates many difficulties 
for the reactor designer who wants to 
know, as precisely as possible, where 
and how this limitation arises and how it 
can be removed. 

Empirical equations are still used to 
describe fluid heat transfer. To refine these, 
much more information is needed on the 
detailed movement of fluids close toa 
surface in the so-called ‘boundary layer’. 
Measurements of fluid velocities are diffi- 
cult because any mechanical probe is 
likely to change the velocity of the fluid 
around it and, in doing so, give erroneous 
results. The new technique of laser dop- 
pler anemometry, an optical method 
which measures the velocity of particles 
carried along in the fluid stream, removes 
this difficulty. Because these particles 
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New tubes are aligned in the MP tandem accelerator at Chalk River. Programs that were not possible before the upgrading of the accelerator have already 
given interesting results. 


are small, they do not affect the flow 
patterns in the fluid. 

The velocity of the particles is determined 
optically by measuring small changes in 
the wavelength of light reflected off the 
particles. If the particle is moving away 
from the viewer, then the wavelength will 
be slightly lengthened or the colour 
shifted slightly toward the red. This is an. 
example of the doppler effect more familiar 
as the change in pitch of a train engine’s 
whistle heard as the train goes by. The 
change of wavelength in the light- 
scattering experiment is very small but it 
can be measured by combining the longer 
wavelength of the scattered light with 
the original wavelength of the unscattered 
light. The intensity of the two combined 
beams will vary with time, with a new 
frequency called the beat frequency. 

In an apparatus employed at WNRE, 
light from a laser source, which has a 
sharply defined wavelength, is split into 
two beams. Scattered light from suspen- 
ded latex particles in the fluids is collected 
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by a photo-electric cell together with 
unscattered light which passes directly 
to the photomultiplier. With modern 
computer techniques, it is possible to 
extract much more information from the 
variations in light intensity than just the 
average velocity of the fluid : variations 
and fluctuations in velocity can be 
measured with accuracy to give informa- 
tion about turbulent flow. These tech- 
niques are expected to lead to further 
improvements in formulas for the design 
of coolant channels and boilers. 

Solid State Science 

Scientists from Canadian universities and 
industrial laboratories collaborated with 
CRNLin experiments on ion penetration 
into solids and related research. During 
the year the site was host to attached staff 
or visitors on extended stays from France, 
Sweden and the USSR for work on ion 
penetration into solids and on corrosion 
of zirconium alloys. Scientists from CRNL 
were invited to give lectures on this work 
in India, Yugoslavia and Japan. 


Unusual X-rays have been observed 
in research on the interactions between 
the atoms in solid materials and heavy 
ions, a species to which the fission frag- 
ments belong. These X-rays are charac- 
teristic of the ‘united atom’ envisaged to 
exist for the fleeting period, during the 
course of a collision between two atoms, 
when the two nuclei are so close together 
that they lie within the electron shells of 
both atoms. The X-rays originate from 
rearrangements of the electrons in the 
shells. For example, X-rays of the heavy 
element gadolinium (Z=64) have been 
observed in collisions involving two 
atoms of the lighter element germanium 
(Z=62). Heavy ion-induced X-rays are 
of interest in fields of atomic physics and 
chemistry, and in the chemical analysis 
of thin films difficult to analyze in other 
ways. 

A joint study by physicists and chemists 
has been made of the formation of 
vacancies in metals at elevated tempera- 
tures. Gamma rays from the annihilation 


The diagram shows the principle of operation of the laser doppler anemometry and the experimental 
apparatus. Water containing light-scattering particles flows along the horizontal tube at the centre; the 
two laser beams intersect in the middle of this tube and the scattered and reference beams are monitored 
-by the detector at the bottom. 


Light from a laser source, which has a sharply 
defined wavelength, is split into two beamsina 
technique used in fluid heat transfer studies. 
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of positrons with electrons in the metal 
are selected by an angular correlation 
apparatus which employs copper-64 
positron sources from either the NRU or 
NRX reactor. For certain metals the ob- 
served gamma ray counting rates depend 
sensitively on the trapping of positrons in 
the vacancies. This provides the basis 
for anon-destructive method for obtain- 
ing information about vacancies in con- 
centrations as low as one part in 10 
million. 

High resolution electron microscope 
techniques used in the past to study the 
structure of metals are being assessed for 


possible application in biological research. 


Astriking application of the technique has 
been the direct observation of individual 
uranium atoms in a uranyl salt of metallic 
acid. 

Radiation Chemistry 

Radiation chemistry research has con- 
tributed greatly to knowledge about 
processes occurring in reactor coolants 
and moderators during irradiation. Also, 


radiation chemistry techniques are being 
applied in other allied disciplines. An 
example is the use of pulse radiolysis to 
elucidate the chemistry of alkali metal- 
amine solutions encountered in heavy 
water process development programs. 
Pulse radiolysis studies of such solutions 
have shown that neutral metal species and 
metal anions are present and result from 
equilibria in such solutions. It has been 
established that the neutral metal species 
give rise to optical absorption spectra 
previously assigned to solvated electrons. 
Methods of preventing the formation of 
these anions are being developed to im- 
prove the chemistry of the hydrogen- 
amine process. 

Other pulse radiolysis research relates to 
isotope effects in liquid water, the effec- 
tiveness of sulphur as an electron scaven- 
ger in the radiolysis of hydrogen sulphide 
and the role of vanadate ions in reducing 
the yield of radiolytic hydrogen in aqueous 
solutions. 


Surface Science 

Special emphasis has been placed on 
stress corrosion cracking of zirconium 
alloys in a variety of environments, such as 
aqueous solutions of chloride ions and 
melts of nitrate-iodide salts, and informa- 
tion about the initiation of cracks and their 
rates of propagation has been obtained. 
The deposition from aqueous solution of 
tellurium and cobalt on oxides or hy- 
droxide films on the surface of metals has 
been studied for its relevance to questions 
about failed fuel detection and the trans- 
port of radioactivity in reactor circuits. 
Pertinent to the latter topic is the recent 
observation that cobalt is irreversibly 
deposited on Zircaloy fuel sheath material 
under certain conditions. This appears to 
be the result of a conversion of the cobalt, 
initially deposited as a hydroxide, to an 
oxide form. 

Biology 

The study of radiation effects on cells and 
the study of cancer are closely related. 
Radiation can damage the genetic struc- 
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The creep properties of reactor structural materials are measured in these new 


laboratory facilities at CRNL. 


A Tesla transformer is being used at CRNL to develop a high- 
current, high-voltage pulsed electron source for studies of 


coherent effects in plasmas. 
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ture of a cell so that it becomes cancerous. 
A cancerous Cell reproduces rapidly, out of 
the control of the parent organism. Radia- 
tion can also kill cells, in particular those 
that are reproducing rapidly ; as acon- 
sequence, radiation can be used in the 
treatment of cancer, because it kills can- 
cerous cells more quickly than it does 
normal ones. 

The effect of radiation is essentially 
caused by the disclocation or removal of 
electrons from key molecules in the cell. 

If the electrons return rapidly to the mole- 
cules, the damage is repaired. In radio- 
therapy, cancerous cells would be more 
efficiently killed by radiation if these 
electrons were prevented from returning 

to the damaged molecules. Injection of the 
cell with substances having a considerable 
affinity for electrons would have this 
effect. The search for such sensitizers 

falls into two parts, a measurement of the 
electron affinity of potentially useful 
sensitizer molecules and measurements of 
the efficiency with which radiation kills 


cell cultures to which these sensitizers 


have been added. 

Electron affinity of sensitizer molecules 
can be measured by the techniques of 
pulse radiolysis. A short intense burst of 
radiation from the 4 Me V pulsed electron 
accelerator at WNRE produces a suffi- 
ciently high concentration of electrons ina 
sample of water, for example, that they 
can be measured by their light absorption. 
Electrons in their ‘hydrated’ form are blue 
in colour. This light absorption decays 
rapidly, in one hundred-millionth of a 
second or less. Addition of a molecule 
with high electron affinity causes the 
electrons to disappear much more rapidly. 

As a result of these studies and measure- 
ments of the effects of selected materials 
on cell growth, identification has been 
made of two classes of radiation sensiti- 
zers which contain a number of attractive 
compounds for study in experimental 
animal tumors and may well have appli- 
cation in radiotherapy. 

Research into the biological effects of 


appear to act in sequence along one or 


radiation includes experimental work on 
the basic mechanisms of radiation damage 
and repair in micro-organisms and studies 
with a range of organisms, from insects to 
man, pertaining to the estimation of the 
hazards of exposures to ionizing radiation. 
Repair of radiation damage to DNA has 
been studied extensively in micro-organ- 
isms. Three of the enzymes involved in the 
removal of damaged DNA, and its replace- 
ment, have been isolated from a bacterium 
which is known to be highly radioresist- 
ant. Following exposure to radiation, the 
level of one of these enzymes increas- 
es, whereas that of another decreases. 
The result suggests that the former plays 
an essential role in the repair of radiation 
damage. 
That many separate functions influence 
the capacity of a cell to survive irradiation 
has been shown by studies of a large 
number of independently derived radiation 
sensitive mutants of yeast. The enzymes 
associated with such hereditary changes 


Interesting possibilities have arisen from studies of the electron affinity of sensitizer molecules. The use of this equipment in conjunction with a 
pulsed electron accelerator has resulted in the identification of radiation sensitizers that may have application in radiotherapy. 
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more repair pathways. Thus, in offspring 
from crosses between different radiation 
sensitive lines, certain double mutants 
were found to be supersensitive, in- 
dicating that more than one repair path- 
way had been blocked. 

Dose effect relationships have been 
studied, with special attention to the low 
end of the response curve, using germ 
cells of insects and trout. The exposure 
required to double the frequency of eye 
colour mutants in the insects was similar to 
that for mutations in mammals, but many 
times this amount of radiation is needed to 
increase the production of malformed 
individuals to twice its usual level. Induced 
eye colour mutations and eye malforma- 
tions in fish both vary linearly with dose 
down to the lowest doses studied. In the 
fish, however, failures of the embryos to 
survive to hatching are actually rarer at 
these low doses than with no exposures 
of the germ cells, although they increase 
with higher doses. Thus, some types of 
hazard associated with exposure of re- 


productive cells at high dose levels may 
be counter-balanced at the low dose levels 
normally encountered by man. 

Tumor production has been followed in 
rats after exposure to X-rays and chemical 
carcinogens. Asynergistic effect on the 
production of leukemia has been observed 
when the two agents are used in combina- 
tion, but is absent for other kinds of 
tumors. 

To make human data on the occurrence 
of cancers and hereditary defects more 
readily available in the future, computer 
methods have been developed for em- 
ploying vital and health records in follow- 
up studies, on a scale that would be 
impossible using manual methods. Studies 
in which such methods are applicable, 
and on which there is current collabora- 
tion with other agencies, relate to factors 
that affect the occurrence of congenital 
defects, follow-up of persons who have 
had PAP smear tests, and the feasibility of 
assessing cancer incidence In persons 
who have had multiple fluoroscopies. 


Environmental Studies 

In some parts of our environment animals 
and plants live in delicate balance with 
each other ; small changes in the environ- 
ment can lead to changes in the numbers 
of one or more species. One of the aims of 
environmental studies is to describe this 
balance in small, selected communities of 
plants and animals in their natural state. At 
WNRE, the environmental effects of 
small changes in the intensity of ionizing 
radiation on associations of plant and 
animal life are being studied. 

The first phase of this long-term project, 
which is expected to take five or more 
years, has been completed. This was a 
pre-irradiation study which involved a 
detailed description of the components 
and the dynamic balance in a small region 
of mixed forest 0.6 miles in diameter, close 
to WNRE. Called FIG (Field Irradiation 
Gamma), itis an area in which the domin- 
ant species are changing : to the north 
and east, coniferous trees predominate, 
making way for deciduous trees to the 
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Atechnician places a sample in a photoelectron spectrometer, for determination of the sample’s surface by identification of the elements present and their 


chemical forms. The instrument at WNRE is one of a few in Canada. It will be used mainly in the study of corrosion processes. 


south and west. After a detailed ecological 


survey, every plant in randomly selected 
ptets of approximately one square yard 

_ was catalogued and counted. Several 
hundred plants of perhaps 25 species 
were found in each area. Insects that eat 
the leaves of plants and trees were identi- 
fied and a census of insect populations 
was made. 

Installation of a radiation tower and 
source has been completed and operation 
began 2 March. The source, 15,000 curies 
of cesium-137, is housed in a thick lead 
container at the bottom of the tower. It is 
exposed by moving the source with com- 
pressed air to the top of the 66-foot 
tower, where it is held in position with 
electromagnets. Irradiations will be 
carried out for 16 to 20 hours a day. Any 
local changes in the plant and animal life 
will be studied in detail over the next few 
years. Plants in a belt from 27 to 270 yards 
from the tower will provide the most 
significant data. In this area some plants 
and insect populations are expected to 


show accelerated growth rates ; others 
may be retarded. Some plant variants may 
be produced as a result of radiation effects 
on the plant genes. 

These studies, and others, are carried out 
jointly by WNRE staff, members of the 
Universities of Manitoba and Waterloo and 
the Federal Departments of the Environ- 
ment (Forest Entomology) and Agricul- 
ture. 

The Environmental Research Branch at 
Chalk River is co-operating with the 
International Hydrologic Decade, the 
University of Waterloo and Environment 
Canada in an investigation of the water 
budget of the Perch Lake basin. One of the 
studies will determine the rate at which 
minerals are being leached by natural 
processes from this small and well-defined 
sample of the Laurentian Shield. Fech- 
niques are available at CRNL to estimate 
minute amounts of many elements which 
would be undetectable by more conven- 
tional methods. Using atomic absorption 
spectrometry, neutron activation analysis 


and spark-source mass spectrometry, 
more than 50 elements are being studied 
in water flowing through the gauging 
weirs at Perch Lake. 

The meteorological and hydrological 
research involved in the study and moni- 
toring of tne radioactive waste manage- 
ment system at CRNL has also been 
combined with the program of the Inter- 
national Hydrologic Decade in a detailed 
investigation of the hydrology of a small 
watershed within the CRNL property. One 
of the most difficult problems in such : 
work is the determination of evaporation 
from lakes. Environmental research staff 
are using Perch Lake as a model for this 
investigation, observing the rate of 
evaporation of tritium, deuterium and > 
oxygen-18 as ‘labels’ for evaporating 
water. This has led to laboratory work on 
the separation rate of hydrogen isotopes 
from water under various conditions of 
temperature and humidity. ; 

These experiments have revealed a 
mutual interest between AECL with its 


An aerial view of the area of about one-third of asquare mile where WNRE is doing detailed environmental studies jointly with two universities and two 
federal government departments. At the centre of the FIG (Field Irradiation Gamma) area is the irradiator tower housing a cesium 137 source (at right). The 
source can be enclosed in shielding at the bottom of the tube, permitting visits by biologists to study the area. 
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economic concern in the separation of 
heavy water, and the Department of 
Energy, Mines and Resources, which is 
studying the ice-cap on Devon Island, 
N.W.T., as a source of information on 
climatic changes over a period of centuries. 
Deep cores taken in glacier ice down to 
bedrock are being examined at CRNL and 
the concentrations of deuterium and 
oxygen-18 at various levels will be used 
for calculating the history of the ice-cap. 
Frozen tritiated water was deposited in the 
surface of the ice-cap in the spring of 1972 
and movement of the tritium through the 
snow cover is being studied. 

Many aquatic plants have ‘holdfast’ roots 
and submerged or floating leaves. It is 
usually assumed that the roots are merely 
anchors without any function in feeding 
the plants. Work with radioisotopes in the 
Environmental Research Branch at CRNL 
has now demonstrated that minerals from 
the bottom are absorbed by the roots, 
transferred to the leaves and excreted into 
the water. Thus they form a hitherto 
unidentified mechanism for mineral ex- 


change between sediments and water. 
Exchange from water to sediments is one 
of the natural mechanisms for decon- 
tamination of surface waters, so it is im- 
portant to discover to what extent the 
recirculating capacity of water plants can 
influence this process. 

Health Physics 

With the development of two methods for 
measurement of fast neutron doses, an 
important advance has been made ona 
difficult dosimetry problem. In one 
method, suitable for estimation of doses 
received in a short interval in an accidental 
exposure, the measurement of the induced 
activity in a rhodium foil enables the direct 
determination of the dose received from 
neutrons having energy in excess of about 
500 keV. Since in most conceivable 
situations where neutron exposure may 
occur the majority of the dose is delivered 
by neutrons whose energy exceeds this 
limit, the advantage of this technique is 
that it permits the rapid determination of 
the radiation status of the exposed worker 
without any need for knowledge of the 


actual characteristics of the neutron source. 

Another detector, which is suitable for 
the measurement of neutron doses 
accumulated over extended periods and 
having energy response characteristics 
similar to the rhodium dosimeter, relies 
upon the production of fission fragment 
damage tracks in a plastic film held in 
contact with a foil of fissile material. The 
foil contains a sintered layer of neptunium 
ina gold matrix and is supported ona 
silver backing. Both rhodium and nep- 
tunium-gold foils will be mounted in the 
personal dosimeters of those workers who 
may be exposed to neutron sources. These 
developments close an important gap in 
monitoring capability. 

More advanced techniques of monitoring 
for tritium in the presence of interfering 
radiation sources are under development 
forthe Bruce reactors. Valuable operating 
experience gained at Douglas Point and 
Pickering has been drawn upon in these 
studies which are leading to new in- 
struments for the measurement of con- 
centrations of tritium both in air and water. 
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Aquatic plants are studied as part of the radio-ecology research program at Chalk River. 


The NRX reactor, with its new reactor 
vessel, operated throughout the year to 
meet the requirements of research, en- 
gineering development and radioisotope 
production. 

The NRU reactor operated until 5 June 
1972, when it was shut down to provide 
heavy water for power reactors and, 
coincidentally, to permit the removal and 


replacement of the reactor vessel, which higher heat outputs. More reactor loop 


had exceeded its nominal operating life. 
Following extensive preparatory work, the 
vessel was removed and transferred to the 
CRNL waste management area on 27 
January 1973. No operation of this 
magnitude has been carried out on any 
reactor elsewhere in the world. Itis a 
tribute to all concerned that the removal 
was done in such a way as to appear 
almost routine. 

Resumption of NRU operation is ex- 
pected in late 1973. The replacement 
vessel, which has been on hand for some 
time, is being modified to improve neutron 
research facilities. A larger through-tube 
and several largerre-entrant cans will 
double the neutron intensity available for 
experiments. The U-1 reactor loop is being 
uprated to provide additional capacity 
for testing advanced nuclear fuels with 


positions are also being provided to give 


increased capacity, control and versatility 
for future fuel testing. 

The loops in both NRX and NRU have 
played and continue to play a vital role in 
Canada’s nuclear power program. In 
effect, the loops can be used as pilot plant 
power reactors. Each loop is a closed 
circuit in which independent temperature, 
pressure and flow control are provided for 
water, steam or other coolants. This, in 
conjunction with the nuclear radiation 
environment of the reactor, permits a 
close duplication of power reactor condi- 
tions for fuels or materials to be tested. 
The size of the loops enables the testing of 
full-size power reactor fuel bundles. 

The heavy water upgrading distillation 
column, normally used as an auxiliary for 
NRU reactor operations, was modified by 
the addition of a packed column to per- 


The days of sail were brought to mind when manually- operated capstans were used to lower the NRU reactor vessel onto a carriage during the removal 
operation. No operation of this magnitude had been carried out on any reactor anywhere in the world but the removal went so smoothly as to seem almost 
routine. 


| form efficiency tests on conventional 
| packing materials prepared for use in 


heavy water production columns. The 


results of this work were applied to the 


design of the Glace Bay heavy water plant. 

Several modifications and improvements 
have been made in the WR-1 reactor at 
WNRE. The most important has been the 
commissioning of ‘C’ circuit, a third cool- 
ing loop which now allows the 16 outer 
channels to be fuelled. With the third 
circuit, the reactor has been operated at 
thermal power levels up to 52 megawatts, 
the power being limited by special require- 
ments in some experimental channels. 
The heat rejection capacity of the cooling 
system is now 60 megawatts, 20 mega- 
watts per circuit. 

In the next year, the reactor will be 
refuelled with uranium carbide, a fuel 
which has a higher uranium density and 


better thermal conductivity than uranium 


oxide. A typical UC driver fuel rod has 
already been installed. 

A second shutdown system, operated 
from the signal of self-powered platinum 
radiation detectors, is being installed in 
WR.-1. The detectors provide another 
measure of reactor power, independent of 
the neutron-sensitive ion chambers used 
at present. This duplication of detection 
equipment is in line with the philosophy 
now applied to CANDU power reactors, 
where two completely independent 
systems are specified. The self-powered 
detectors and associated amplifiers are of 
the type ordered for the Bruce reactors and 
this installation will serve as a proof test 
of their reliability. 
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The Taiwan Research Reactor was 


brought into operation 3 January 1973, 


two months ahead of schedule. The 
reactor, patterned after NRX and India’s 
CIRUS, was designed, supplied and built 
by Canadian sub-contractors. 

AECL, as prime contractor, was re- 
sponsible for overall project management, 
training of Taiwanese operating personnel, 
supply of fuel and heavy water and com- 
missioning. The AECL commissioning 
team of process operators and engineers 
was supplemented on site by reactor 
physics and control specialists who 
provided consultation and assistance 
during reactor start-up. 

The total number of employees was 
practically unchanged from the preceding 
year, with aslight increase in the proportion 
of professional to non-professional 
categories. There was considerable re- 
cruiting activity for the Glace Bay heavy 


Anew boiler for the U-1 loop in NRU is hoisted into position at CRNL. A loop is a closed-circuit in which independent temperature, pressure and flow 
control are provided for water, steam or other coolants during testing for the nuclear power program. Some of the excess power produced in the new loop 


will be used to heat the reactor building. 


Full-time continuing employees on AECL payrolls on 31 March 1973 numbered: 


Prof. 
Head Office 25 
CRNL 482 
Power Projects 289 
Commercial Products 110 
WNRE AL 
Heavy Water Projects 28 
Total 1105 


water plant, the AECL staff of which, 
currently numbering 36, is expected to 
increase to about 250 by the spring of 
1974. 

In an organizational change effective 
1 March 1973, J. S. Foster was appointed 
Vice-President, Power Program, re- 
sponsible for program planning and 


Hourly 
Tech. Admin. Rate Total 
_ 61 — 86 
550 395 906 2333 
404 193 _— 886 
104 119 185 518 
210 a7, 227 785 
— 13 — 41 
1268 958 1318 4649 


nuclear power marketing, in addition to 
Power Projects. 

Negotiations were in progress at the end 
of the year with the 17 hourly-paid unions 
at CRNL, WNRE and Commercial Prod- 
ucts to renew collective agreements 
terminating 31 March 1973. For the first 
time, one of the five unions at WNRE, 


which represents the majority of WNRE 
hourly-paid employees, is bargaining 
jointly with the Allied Council of 10 unions 
at CRNL. One hourly-paid unit at CRNL 
changed bargaining agents and another 
withdrew from the Council, electing to 
bargain fcr a separate agreement. 

Following a hearing, the Canada Labour 
Relations Board refused the application 
for certification of a bargaining agent for 
certain technical employees at Commercial 
Products. 

Preparations were under way for the 
negotiation of renewal agreements, 
scheduled to terminate at the end of May 
1973, with the four non-professional 
salaried unions at CRNLand Power 
Projects. 

AECL President J. L. Gray was awarded 
the Professional Engineers Gold Medal, 
the senior award of the Association of 


The degassing tank of the third (‘C’) circuit in the WR-1 reactor at Whiteshell. Commissioning of the third circuit allows the 16 outer channels to be fuelled. 


Professional Engineers of Ontario. Dr. 
W. B. Lewis, Senior Vice-President, 
Science, was the recipient of a Royal 
Medal awarded by the Queen on the 
recommendation of the Royal Society of 
London. Dr. A. J. Mooradian, Vice- 
President, CRNL, and Dr. J.C. D. Milton, 
Head, Nuclear Physics Branch, CRNL, 
were elected to fellowship in the Royal 
Society of Canada. Dr. Mooradian was 
also appointed an associate member of the 
Science Council of Canada. 

The number of employees participating 
in French-language training courses more 
than doubled from the previous year. 
There are 142 currently registered with the 
Public Service program, about 50 per cent 
of whom attend courses given locally at 
CRNLand WNRE. 

A total of 113 employees were honoured 
for having completed 25 years of service in 


Canada’s atomic energy program. 

There were 4.40 disabling injuries per 
million man-hours worked in 1972-73, 
compared to 3.09 in the previous year. No 
lost-time injuries were attributable to 
radiation, thus maintaining for yet another 
year the excellent record of radiation safety. 
Public Relations 
Contacts with the public in 1972-73 
clearly revealed a sharpening of interest in 
and concern about energy supply, the role 
of nuclear power in meeting energy needs 
and the environmental aspects of nuclear 
power. 

Interest was most noticeable in high 
schools and universities. It manifested 
itself in question periods that followed 
talks by AECL staff and presentations by 
schools relations officers, in conversations 
with students and teachers, during or- 
ganized visits of student groups to nuclear 


sites and in letters to the company from 
young Canadians seeking information to 
assist them in their studies and in special 
projects. 

The schools relations program for the 
first time operated from sea to sea. This 
came about when the program was 
extended to the Atlantic Provinces : the 
Chalk River-based unit went to New 
Brunswick for engagements at 39 high 
schools and the public relations officer at 
Glace Bay began a series of visits to 
schools in Nova Scotia. In the west, 

WNRE representatives gave presentations 
at schools in British Columbia and Alberta. 
In central Canada, the program covered 
schools in the Windsor-Chatham area and 
in Greater Montreal. 

Manned by university students, the 
WNRE display trailer spent the summer on 
tour in Alberta and Saskatchewan. In 
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A nuclear exhibit supplied by AECL for the University of British Columbia’s ‘Open House’ drew large crowds. The exhibit was incorporated in that of the 
university’s physics department. 


Quebec, two students took the Montreal- 


based mobile exhibit to nine regional 
exhibitions. 

AECLco-sponsored with the Department 
of Industry, Trade and Commerce a 
Canadian exhibit at Nuclex ‘72, an inter- 
national nuclear trade show at Basel, 
Switzerland. The company had two 
exhibits, one featuring nuclear power and 
the other radiation and radioisotope 
equipment and services. 

In Canada, exhibits were mounted at the 
Central Canada Exhibition, London, 
Ontario ; atthe Hamilton District Science 
Fair, and in connection with special 
events at three universities — British 
Columbia, Saskatchewan and Manitoba. 

Public information centres at nuclear 
sites continued to attract large numbers of 
visitors. Two new centres were completed, 
one at the Bruce Nuclear Power . 
Development and the other at the Glace 
Bay heavy water plant. The former isa 


joint Ontario Hydro-AECL undertaking. 


One film, featuring on-power refuelling 
of CANDU reactors, was completed during 
the year. It is intended primarily for use 
in support of nuclear power marketing 
and by technical staff. 


In line with recommendations for the 
formation of a national network of libraries 
and information systems, AECL has in- 
dicated that its information services are in 
a position to co-ordinate their work with 
the services of other government or- 
ganizations. Representatives from the 
National Library and the National Science 
Library visited AECL libraries to discuss 
ways of co-operation, and full details of 
AECL services were supplied for inclusion 
in nation-wide surveys. 

As in previous years, Support was given 
to the International Atomic Energy Agency 
in the development of the International 
Nuclear Information Systems (INIS), 


which now publishes notifications of the 
world’s nuclear literature at a rate of 5,000 
a month. The Canadian contribution, 
which is prepared and entered by AECL, 
is about one per cent of the total and is 
rising as more effort is given to the 
selection of appropriate material. 

In the course of the year 143 papers by 
AECL authors were submitted for publi- 
cation in scientific and technical journals, 
112 reports were published and 793 
reports were produced for controlled 
distribution. These data do not include 
oral presentations at conferences, which 
in 1972 constituted an additional 168 
publications. The total number of indivi- 
dual copies of reports issued by the 
company’s central distribution office at 
Chalk River was 1 70,000. 

Sixty-one separate patent applications 
were filed in 11 different countries ; of 
these, five were first filings. 


Tape is removed from the data library at CRNL for use in the computer. AECL’s technical information services are in a position to co-ordinate their work with 
the services of other government organizations. 


AECL 
and 
Industry 


The transfer of AECL’s nuclear technology 
to the private sector continued during the 
past year through co-operative research 
and development contracts, the attach- 
ment of staff to AECL sites and the 
purchase of special equipment for nuclear 
applications. 

This direct involvement of engineering 
and manufacturing firms in AECL’s 
activities has led to the production of new 
products specific to Canada’s nuclear 
program and to the upgrading of ‘standard’ 
products and components to meet the 
more demanding specifications for nuclear 
equipment. Through AECL’s guidance, the 
results of its research and development 


work have been combined with the 
marketing, manufacturing and engineering 
skills of the private sector to bring about 
significant improvements in fuel fabrica- 
tion and heavy water production pro- 
cesses, mechanical component quality 
and reliability, and heat transfer and 
materials technology. 

During 1972-73, AECL spent some $6.5 
million of its budget on co-operative 
development contracts involving 29 
different Canadian companies. Another 
$4.5 million was allocated to the purchase 
of professional and technical services. To 
expedite the transfer of technology, 38 
people from private firms were attached to 
AECL sites for nuclear experience in their 
particular fields. 

In addition, technology was transferred 
through sub-contracts for the Taiwan 
research reactor and the Glace Bay and 
Bruce heavy water plants and through 
development contracts with utilities for 
the operations of AECL-owned prototype 
reactors. 


As in the past, fuel development was a 
major component of the co-operative 
program. The fabrication of uranium- 
silicon fuels, which could replace UOz in 
the PHW reactors, has advanced to the 
stage where the fuel manufacturer has 
supplied complete bundles for irradiation 
inthe NPD reactor. Uranium carbide fuel, 
which to date has been essentially 
custom made, and thus expensive, is now 
ready for production in quantity ona new 
fabrication line developed in co-operation 
with a manufacturer. The line will have 
capacity to supply all the requirements for 
the WR-1 reactor, which will begin 
operating entirely with carbide fuel in the 
next fiscal year. Due to the high melting 
point of UC, 2500°C, conventional 
fabrication techniques are not used. 

In collaboration with the fuel fabricators 
and Ontario Hydro, methods have been 
developed for testing modified fuel 
bundles in the Douglas Point reactor at 
powers up to 150 per cent of the maximum 
for standard fuel. This greatly increases 


A hydraulic press is used in the hot forging of a 
zirconium alloy ingot in the engineering 
development laboratory of a Canadian firm. 
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A Bruce generating station fuelling machine and suspension, mounted on a reactor area bridge carriage, 
are being tested by the manufacturer prior to shipment to the station. Pressure tubes at the right are 
part of the test facility. 


capacity for the realistic testing of fuel at 


high power, relieving the pressure on the 
loops in the test reactors at the labora- 
tories. The new arrangement should 
enable the fuel manufacturers and utilities 
rapidly to qualify designs that offer im- 
provements in economy or performance. 
AECL concluded an agreement with 
Polymer Corporation Limited (now 
Polysar Limited) to collaborate in the 
development of advanced processes for 
the production of heavy water. In existing 
plants, heavy water is separated with the 
aid of hydrogen sulphide. The two new 
methods being considered are a steam- 
hydrogen-amine process and a hydrogen- 
water process. Polysar staff are participat- 
ing in studies at CRNL, have completed 
process feasibility studies and are design- 
ing a pilot facility for the hydrogen-water 
process. There is much development work 
still to be done and it will be a matter of 
years before any new process could be 
committed for commercial application. 


Advanced welding techniques and 
procedures have been developed in 
collaboration with industry. Electron- 
beam-welded composite end-fittings for 
reactor fuel channels are a commercial 
possibility. Potential advantages include 
broadening of the supply base, lower costs 
and exploitation of the advantages of 
selected steels for each component part of 
the end-fittings. The next stages of 
development will include fabrication of 
end-fittings to power reactor designs and 
their non-destructive and destructive 
evaluations. 

ASTM Grade A203-E steel is an attrac- 
tive material for pressure vessels operating 
at low temperatures, such as would be 
required for a new heavy water production 
process. However, welding of this steel 
has caused problems in the past. A devel- 
opment contract, performed in association 
with CRNL metallurgists, has enabled a 
Canadian fabricator to establish pro- 
cedures necessary for sound welds and 


‘has generated confidence in specifying 


this material in prototypical designs. 
Technical expertise in heat transfer and 
fluid dynamics technology has now been 
well established in a private company 
through a long-standing co-operative 
program with CRNL. Capability and 
capacity have matured to a point where 
40 per cent of the company’s efforts in 
this area are occupied by commercial 
contracts for design information for 
power stations in Canada and the U.S.A. 
In the past year, more emphasis has been 
placed on industrial contracts concerned 
with improved operation and easier 
maintenance of nuclear power plants. In 
this regard, a private company, in co- 
operation with AECL, has developed an 
explosive forming technique for plugging 
failed tubes in steam generators. This 
repair service, which is especially valuable 
in areas where radiation is present, will be 
available to the utilities on demand. A 
spin-off may be improved tube-to-tube- 


Explosive fitting of heat exchanger tubes into tubesheets. This explosive forming technique for plugging failed tubes in steam generators was developed by a 


private company in co-operation with AECL. 


sheet joints in future steam generators. 
Similar contracts are in force with 
Canadian valve manufacturers for reduc- 
ing valve leakage and for providing 
improved valve packing cartridges, along 
with the replacement equipment needed 
for rapid servicing. 

The development of improved in-core 
flux detectors was continued, with 
experimental work in AECL labs and 
commercial exploitation by means ofa 
development contract with a Canadian 
company. A major accomplishment was 
the successful performance of platinum 
core detectors at Gentilly and Pickering. 
A large number of these essentially 
‘prompt detectors will be used in the 
safety systems of the Bruce reactors. In 
support of this application, experiments 
were performed in a Bruce mock-up 
lattice in the ZED-2 reactor to investigate 
the performance of these detectors under 
special operating conditions ; e.g., when 
booster rods are being used to overcome 


xenon poison. 

AECL continued to provide lectures and 
seminars on advanced technology related 
to the manufacture of components for 
nuclear power stations. These presenta- 
tions not only apprise manufacturers of 
new, demanding specifications for future 
equipment and components but also 
acquaint them with the scope of nuclear 
technology within AECL that is available 
to them. As an example, revisions to the 
ASME Code for pressure vessels will 
shortly require tests whose interpretation 
involves an understanding of fracture 
mechanics. Since this relatively new 
subject is not yet widely recognized, two 
CRNL staff members have presented a 
series of lectures within AECL, to univer- 
sity staff and to those in Canadian in- 
dustry designing and fabricating nuclear 
components. A similar series of lectures 
covered the special requirements of 
corrosion-control for components of 
nuclear reactors. 


The growth and maturity of the nuclear 
manufacturing industry are clearly 
demonstrated by the building of new 
fabrication, assembly and testing areas 
and the improved use of existing facilities 
for handling the large components of the 
Bruce generating station. Examples are the 
assembly and shipping facilities for 
calandrias, end shields, shield tanks and 
associated components with an overall 
weight of 1,000 tons ; assembly shops for 
feeder and header frames weighing 65 
tons, and the prefabrication and sub- 
assembly areas for primary system piping 
with diameters up to 22 inches. The 
significance of this expanded industrial 
capability is that it enables more efficient 
and economical fabrication and assembly 
operations to be done in the shop, as 
compared with the former practice of site 
assembly. Also of note is a new test bed 
facility for the Bruce primary pumps, rated 
at 11,000 horsepower, and the new finish- 
ing assembly shops for the large boilers. 
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This machine, built by a Canadian manufacturer on an AECL contract, measures the resistance of steels to brittle fracture. It is now offered commercially by 
the manufacturer to industry and research labs. 


AECL 
and the 
Universities 


Research and development contracts 
judged to be of mutual interest are placed 
at Canadian universities in such repre- 
sentative fields as chemistry, physics, 
metallurgy, engineering and electronics, 
with the objective of drawing on the 
expertise available in the universities to 
assist and supplement the work of com- 
pany staff in the search for solutions to 
problems in the nuclear program. In 
addition, through their involvement in 
these contracts, undergraduates and 
graduate students obtain training that will 
be of value should they enter fields 
associated with the nuclear industry. 
During the year there were 41 research 
and development contracts in force at 16 
Canadian universities. Expenditure 


amounted to approximately $760,000. 
Typical examples of the work being done 
are: 

e The University of Saskatchewan’s 
department of control engineering is 
undertaking research related to control 
systems and heat exchange characteristics 
in Canadian-built power reactors. 

e A portion of the research into the foam- 
ing problem encountered in heavy water 
production plants is being done at 
Dalhousie University, Halifax. 

e The interaction of hydrogen, oxygen 
and water with the noble metals, particu- 
larly platinum, is being investigated at 
McMaster University, Hamilton. This 
program is of importance in the develop- 
ment of the heavy water production 
process based on hydrogen-deuterium 
transfer catalysed by supported platinum. 

Approval was received from the Atomic 
Energy Control Board to uprate the 
Slowpoke reactor at the University of 
Toronto from five kilowatts thermal to 20 
kilowatts and to operate it unattended for 
18-hour periods (the original licence 
permitted only four hours). Slowpoke, 
developed at CRNL, was lent to the 
university in June 1971 to assess the 
usefulness of the reactor and to demon- 


strate its safety, reliability and ease of 
operation. 

Operation has been shown to be safe and 
reliable without a special staff of expert 
operators. Uses made of the reactor were 
greater both in number and scope than 
expected. Nearly 1,000 individual irradia- 
tions of various duration were performed 
during the first year of operation — an 
average of five to seven irradiations per 
day. Both graduate and senior under- 
graduate students used Slowpoke 
neutrons for project research arising from 
nuclear engineering and chemistry 
courses. The facility was also visited by 
and demonstrated to about 500 other 
students and professional university _ 
visitors to explain current developments in 
pure and applied nuclear science. 

About 50 per cent of the time in which 
the tandem accelerator at CRNL was 
available was occupied by experiments 
conducted in conjunction with univer- 
sities ; one-quarter of the personnel on the 
teams doing the experiments were from 
universities. 

During the summer of 1972, 130 univer- 
sity students were employed at company 
sites, most of them in work having a direct 
bearing on their university training. 
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A fuel core is installed in the Slowpoke reactor at the University of Toronto. Uses made of the reactor last year were greater both in number and scope than 
expected. Approval was given by the AECB to uprate the reactor from five to 20 kilowatts thermal. 


International 
Collaboration 


International activities are an important 
facet of AECL’s function ; they provide the 
opportunity to exchange views and 
information with others having the same 
interests and at the same time help to 
develop abroad an appreciation of Canada 
as a nation possessing a highly developed 
economy and advanced technology. 

In keeping with these interests and 
responsibilities, AECL has seconded 
personnel to work with the secretariat of 
the International Atomic Energy Agency, 
participated in the Agency’s scientific 
meetings and co-operated in other activi- 
ties associated with the Agency’s work. 

As of 31 March, three AECL staff members 
were serving with the secretariat of the 
IAEA in the Divisions of Research and La- 
boratories, Nuclear Power and Reactors, 


and Scientific and Technical Information. 
In addition, another staff member has 
been lent to the IAEA to assist in a market 
survey relating to the potential role of 
nuclear power in developing countries. As 
in previous years, Dr. W. B. Lewis served 
in a personal capacity as a member of the 
Scientific Advisory Committee to the 
Director General of the IAEA and was the 
Canadian delegate to the Scientific 
Advisory Committee to the Secretary 
General of the United Nations. 

AECL staff members participated in 
scientific meetings and activities of other 
international groups such as the Organiza- 
tion for Economic Co-operation and 
Development, World Health Organization 
and the International Commission on 
Radiological Protection. 

In considerable numbers, technical 
personnel and delegations from abroad 
visited AECL sites and other nuclear 
installations in Canada, with Pickering 
generating station a particular point of 
interest. Scientists from 19 countries were 
attached to AECL sites for varying periods. 

In June 1972 asenior AECL delegation 


met in London with representatives of the 
United Kingdom Atomic Energy Authority 
to exchange views on their respective 
nuclear power programs and to discuss 
future co-operative work in heavy water 
reactor systems and materials research. 
During October similar meetings were held 
with senior representatives of the French 
Commissariat a |'Energie Atomique and 
with two Italian agencies, CNEN and 
ENEL. The AECL Liaison Office in Paris 
continued its technical liaison with 
scientific establishments in Britain and on 
the Continent and contact with inter- 
national groups such as the Nuclear 
Energy Agency, OECD and Euratom. 

In keeping with its obligations under the 
terms of the Treaty on the Non-Prolifera- 
tion of Nuclear Weapons, Canada on 21 
February 1972 signed an agreement with 
the International Atomic Energy Agency 
to place all of its nuclear facilities under 
safeguards. Accordingly, inspection and 
audit of all materials subject to safeguards 
at Canadian nuclear sites, including those 
of AECL, are being undertaken by IAEA 
inspectors. 
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Open, airy and informative was the Canadian exhibit at Nuclex ‘72, an international nuclear exhibition at Basle, Switzerland, in October 1972. AECL was 


one of 10 exhibitors on the Canadian stand. 


Commissioning and testing of the system 
were carried to the point where two of the 
three 270-megawatt convertor modules 
were ready for regular service by Novem- 
ber 1972. As aresult, the system was able 
to transmit the bulk of the electrical energy 
generated by the Kettle Generating 
Station over the 560-mile transmission 
line to Winnipeg throughout the 1972-73 
winter. Kettle, with six machines operating 


by early 1973, was producing 612 mega- 
watts. About 150 megawatts of this was 
being used to supply northern require- 
ments and the balance was being trans- 
mitted over the high voltage direct current 
(HVDC) line. 

The Nelson transmission facilities were 
built by AECL as part of a co-operative 
program between the Governments of 
Canada and Manitoba for the develop- 
ment of the Nelson River's hydro-electric 
potential. 

The choice of HVDC rather than the more 
usual alternating current (AC) system has 
posed special engineering problems as 
well as conferring unique technical 
advantages. Among the problems was the 
development of the world’s largest 
mercury arc valves. Final modifications, 


the need for which became apparent 
during field testing, are being made and 
good performance is anticipated. 

Besides providing a stable supply at the 
receiving end, HVDC offers the potential 
to assist in stabilizing interconnected 
electrical networks. The Nelson River 
system was designed with this in mind 
and its performance to dateinthisregard 
has been encouraging. 

The third 270-megawatt module is 
scheduled to be in service for the winter of 
1973-74. A fourth 270-megawatt module 
of HVDC convertor equipment is being 
added for service in 1974. This will 
increase the system capacity to 1,080 
megawatts and will conclude Canada’s 
immediate undertaking under the terms of 


One of the valve halls in the Dorsey Convertor Station. 
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Auditor General of Canada 


Ottawa, June 5, 1973. 


The Honourable Donald S. Macdonald, 
Minister of Energy, Mines and Resources, Ottawa. 


Sir, 

| have examined the accounts and financial statements of Atomic Energy of Canada 
Limited for the year ended March 31, 1973. My examination included a general review 
of the accounting procedures and such tests of accounting records and other support- 
ing evidence as | considered necessary in the circumstances. 


In compliance with the requirements of section 77 of the Financial Administration Act, 
| report that, in my opinion: 


(a) proper books of account have been kept by the Company; 
(b) the financial statements of the Company 


(i) were prepared on a basis consistent with that of the preceding year and are in 
agreement with the books of account, 


(ii) in the case of the balance sheet, give a true and fair view of the state of the 
Company’s affairs as at the end of the financial year, and 


(iii) in the case of the statement of income and expense, give a true and fair view 
of the income and expense of the Company for the financial year ; and 


(iv) in the case of the statement of source and application of funds, present fairly 
the source and application of the Company’s funds for the financial year ; and 


(c) the transactions of the Company that have come under my notice have been within 
the powers of the Company under the Financial Administration Act and any other 
Act applicable to the Company. 


Yours faithfully, 
George Long 
Acting Auditor General of Canada. 
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Atomic Energy of Canada Limited 


(Incorporated under the Canada Corporations Act) 


ASSETS 


Current: 

Cash 

Deposit with Receiver Gonerais 

Short-term investments 

Accounts receivable. 

Inventories : - 
Nuclear materials, at lower of cost or estimated realizable value . 
Commercial inventories, at cost, less provision for obsolescence . 
Maintenance and general supplies, at cost . 


Total Current Assets 


Contractors’ Security Deposits (contra) . 
Heavy water preproduction costs 
Other Receivables 


Investment in Pickering CorecinG istanen: under Bore ent with rvarce Electic 


Power Commission of Ontario and Province of Ontario . 


Investment in Glace Bay Heavy Water Plant under agreement enn Benen a 


Canada Limited and Province of Nova Scotia . 
Plant and Property, at cost . : , 
Less: Amounts written off under eceaich program 


Accumulated depreciation 


Approved on behalf of the Board 
J.L. Gray, Director 
D.A. Golden, Director 


1973 1972 
431,059 422,432 
1,000,000 3,000,000 
500,000 1,500;000 
6,472,000 6,899,182 
3,857,518 4,897,981 
7,648,866 5,861,996 
1,270,266 1,251,783 
12,776,650 —«+12,011,760 
21,179,709 23,833,374 
= 49,319 
32,998,998 9,065,155 
14,398,601 10,741,456 

135,532,750 «145,388,652 
21,896,700 2,957,296 
849,576,791 790,848,740 
242,339,812 238,139,846 
607,236,979 552,708,894 
20,155,685 19,674,585 

587,081,294 533,034,309 _ 
$813,088,052 $725,069,561 


Balance Sheet as at March 31, 1973 
(with comparative figures as at March 31, 1972) 


LIABILITIES 
| 1973 1972 
Current: 
ECO MSEDAVaDLC weet Pant ta ene ayOGN eens (6. le. Go lyon ORI 80% $ 21,353,841 $ 34,684,685 
Due to Canada—unexpended balance of appropriation . . .......2.2.2.. 33,785 20,344 
Pei aneCcsmay ments DY CUSLTOME!Ss ate te ks shen) a ee ee we wo Ge ws SS 2,827,192 2,973,387 
SE LCS MINOICI SOK SE Ret lib) fete sh sce eal) OR euler ss A el Be MEE a 625,030 222570n 
24,839,848 38,901,117 
_ Loans by Canada to finance projects for: 
TRICONVERIFOGTANI nic 08 0 95 | Ga far heed cere athe canta Geib ev isk aap cel aly 570,640,125 499,832,422 
SIUIEESIVETENFANSIDISSION LING. <6 a on el gue ew) ek ws es Re 196,218,685 168,203,175 
766,858,810 668,035,597 
Mmuemiraetors. security Deposits (contra) . . . . 1 we ee eee a ASrsao 
Unrealized Profit on Property and other 
Salesimade on deferred payment terms ..... .... . « « © » s .» sss 1,587,180 894,546 
Shareholders’ Equity: Capital Stock: 
Authorized—75,000 common shares of no par value 
Ssced-—o4 OOOkcommon ShareS: = 9.9. 0 a Meee Poe ws eee. Sie Se ee 15,000,000 15,000,000 
SeecINCOREOINGS pe eters ia). shee ees us) eaah ae po aa tO) PMG Uh Gc) ess 4,802,214 2,188,982 
19,802,214 17,188,982 


$813,088,052 


$725,069,561 


| have examined the above Balance Sheet and the related Statements of Income and Expense, Retained Earnings and Source and 
Application of Funds and have reported thereon under date of June 5, 1973 to the Minister of Energy, Mines and Resources. 


George Long 


Acting Auditor General of Canada 


Atomic Energy of Canada Limited 


STATEMENT OF INCOME AND EXPENSE for the year ended March 31, 1973 
(with comparative figures for the year ended March 31, 1972) 


RESEARCH PROGRAM— 
Operating Expense: 
Chalk River Nuclear Laboratories. 
Whiteshell Nuclear Research Eee bhehmient 
Power Projects Design and Development 
Radiation Chemistry and Isotope Research . Den a ek Ct oy “st 
nickle Oya 7Neliiinisieitoln) > 6 Goo m 6 @ n o ob 6  o 6 6 6 om 


Income: 
Gross income from engineering services, housing accommodation, hospitals, 
sales of steam, etc. 


Excess of Expense over Income . 


Excess of Expense over Income provided for by parliamentary appropriation . 
Portion applicable to previous year recovered in 1971-72 . 


Capital Expenditure provided for by: 
Parliamentary appropriation . 
Retained earnings 


COMMERCIAL OPERATIONS— 
Income: 
Sales _ é 
Rentals and miscellaneous : 


Expense: 
Cost of sales, etc. 
Research and development . 
Selling . 
Administration . 


Excess of Income over Expense credited to retained earnings. 


1973 1972 
$ 46,131,352 $ 42,694,938 
18,164,806 16,737,157 
26,273,160 27,464,491 
3,298,780 2,990,392 
2,058,157 1,866,165 
95,926,255 91,753,143 
23,462,040 23,358,794 
$ 72,464,215 $ 68,394,349 — 
$ 72,464,215 $ 70,611,656 — 
— (2,217,307) 
$ 72,464,215 $ 68,394,349 
$ 5,742,000 $ 6,436,000 _ 
635,302 515,056 | 
$ 6,377,302 $ 6,951,056 
$ 10,730,274 $ 10,091,553 
166,701 244,138 
10,896,975 10,335,691 
| 
6,775,477 6,264,972 
656,965 435,610 
2,576,543 2,680,761 | 
854,522 853,139 | 
10,863,507 10,234,482. 
$ 33,468 $ 101,209} 


Note: Included in expense for 1973 are remuneration of directors as directors $17,300, remuneration of officers $366,000 and depreciation on plant and 
property not written off as research expense $1,216,624. The Company has eleven directors and ten officers, one officer is also a director. 
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STATEMENT OF RETAINED EARNINGS for the year ended March 31, 1973 
(with comparative figures for the year ended March 31, 1972) 


Balance as at April 1 


Add: 
Net revenue arising from international agreements relating to Canadian heavy 
water moderated nuclear reactor systems. : 
Revenue incidental to the operation of research cines 
Profit realized on disposal of plant and property . 
Excess of income over expense in commercial operations 


Deduct: 
Amount provided towards capital expenditure. 
Balance as at March 31 . 


STATEMENT OF SOURCE AND APPLICATION OF FUNDS for the year ended March 31, 1973 


(with comparative figures for the year ended March 31, 1972) 


Source of Funds 
Parliamentary appropriations in respect of— 
Loans é 
Research poganmeeperaing 5 
—capital 


Commercial operations— 
Excess of income over expenditure . 
Depreciation not requiring a current outlay of fgde 
Accrued interest on loans from Canada 
Investments and other receivables , . 
Proceeds from international agreements and discocat of stant and aope ty 


Application of Funds 
Research Program— 
Operating expenditure . 
Capital expenditure . 


Major Projects— 

Heavy water and power plants 
—capital expenditure . 
—preproduction costs. 

Power transmission line 


Repayment of loans from Canada 
Decrease in current assets 
Decrease in current liabilities 


1973 1972 
$ 2,188,982 $ 1,594,432 
2,520,554 500,000 
428,260 298,346 
266,252 210,051 
33,468 101,209 
5,437,516 2,704,038 
635,302 515,056 
$ 4,802,214 $ 2,188/982 
$ 81,525,000 $114,400,000 
72,464,215 68,394,349 
5,742,000 6,436,000 
159,731,215 189,230,349 
33,468 101,209 
1,216,624 1,205,244 
23,651,820 22,332,548 
6,620,741 2,397,129 
3,215,066 1,008,397 
$194,468,934 $216,275,476 
$ 72,464,215 $ 68,394,349 
6,377,302 6,951,056 
78,841,517 75,345,405 
43,850,487 119,627,272 
23,933,843 9,065,155 
30,081,876 19,388,066 
97,866,206 148,080,493 
6,353,607 2,755,008 
(2,653,665) (14,046,232) 
14,061,269 4,140,802 
$216,275,476 


$194,468,934 


Atomic Energy of Canada Limited 


PLANT AND PROPERTY as at March 31, 1973 


RESEARCH FACILITIES: 


Chalk River 
Land and land services 
Buildings . 
Machinery and eauiement 
NRU reactor. : 
Construction in Sees 5 


Whiteshell 
Land and land services 
Buildings . ; 
Machinery and eatient P 
WR-1 reactor . : 
Construction in progress . 


Rolphton 


Nuclear Power Demonstration reactor 


Douglas Point Generating Station 


Gentilly Nuclear Power Station 


Bruce Heavy Water Plant: 
Construction in progress . 


Bruce Auxiliary Steam Plant. 


Housing Projects: 
Deep River, Ontario. 
Pinawa, Manitoba 


Power Projects — Sheridan Park: 


Design Engineering Building 
Development Laboratory . 
Machinery and equipment 


Nelson River Transmission Line: 


Construction in progress . 


Commercial Products — Ottawa: 


Land and land services 
Buildings . 
Machinery and eanipmenr 


Amounts Accumulated 
written off Provisions 
under Research for 
Cost Program Depreciation 
$ 4,336,035 $ 4,336,034 $ 
33,528,143 33,528,143 
51,072,938 51,072,938 
66,632,879 56,278,751 10,354,128 
2,138,328 2,138,328 
4,643,870 4,643,870 
17,458,965 17,458,965 
16,409,319 16,409,319 
18,619,646 18,619,646 
314,346 314,346 
25,707,523 25,707,523 
240,861,992 230,507,863 10,354,128 
77,594,819 
90,187,854 
179,494,762 
23,217,434 
1,836,133 859,020 
3,967,520 610,741 
5,803,653 1,469,761 
2,573,444 804,296 
3,017,429 3,017,429 ; 
8,814,520 8,814,520 
14,405,393 11,831,949 804,296 
200,315,685 
383,921 
11,792,082 3,502,437 
5,519,196 4,025,063 
17,695,199 7,527,500 
$849,576,791 $242,339,812 


$ 20,155,685 


Nominal Value 


77,594,819 | 


4,333,892 


Depreciated 
or 


$ ey 


1 


90,187,854 


179,494,762 
23,217,434 


| 
977,113 | 
3,356,779 


| 
} 
! 


1,769,148 


1,769,148 | 


200,315,685 » 


383,921 |] 
8,289,645 | 
1,494,133 | 


10,167,699 | 


AECL 
Installations 


and 


| 


Projects 


Chalk River Nuclear Laboratories Whiteshell Nuclear Research Establishment 


Re x 


Nelson River Transmission Facilities— Dorsey Convertor 
Station at southern end of transmission line. 


Power Projects 


Nuclear Power Demonstration 


Glace Bay Heavy Water Plant Taiwan Research Reactor 
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